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The need to identify new approaches to pest control is increasing as the public 
demands reductions in the use of pesticides. Plant collections are potentially rich 
sources of resistance to pests and pathogens. Many cultivars have been improved 
using genes for resistance derived from plant introduction accessions, and after 
the combining abilities of selected materials were understood. 
In tomato, interest in resistance to bacterial wilt (BW) caused by Pseudomonas 
so/anacearum E. F. Sm., has also been heightened by the inability to control the 
disease using field rotation or soil fumigation (Acosta et al., 1964). 
Some tomato cultivars have been developed with useful levels of resistance in 
certain environments. However, cultivars with stable resistance to the predominant 
bacterial wilt strains found under conditions of high temperature and humidity in 
the lowland tropics are difficult to obtain (Bosch et al., 1990; De Leon, 1987; 
Henderson and Jenkis, 1972; Kelman, 1953; Lasso, 1974; Mew and Ho, 1977; 
Peterson, 1983). In addition, very few studies have examined the combining ability 
for resistance to bacterial wilt of the available resistant cultivars. Some materials 
are able to transmit their resistance more effectively than others, even though they 
have similar levels of bacterial wilt resistance. Such lines posses great potential to 
be used as a parents in breeding programs (AVRDC, 1983). Therefore, it is 
necessary to continue to find new sources of resistance, and to increase our 
understanding of the combining abilities for resistance to bacterial wilt with in the 
available BW resistant germplasm. 
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UTERATURE REVIEW 
Tomato bacterial wilt, caused by the soil-borne bacterium Pseudomonas 
solanacearum E. F. Sm., is a widely distributed disease in tropical, subtropical, and 
some warm temperate regions of the world, and reduces tomato fruit yield in many 
tropical and subtropical countries (Hayward, 1991 ). 
Some pathogen strains are particularly noted for the tremendous losses 
inflicted on some members of the Solanaceae grown in warm, humid areas 
(Acosta et al., 1964). Strains of P. solanacearum differ in host range, geographical 
distribution, pathogenicity, epidemiological relationship, and physiological 
properties (Buddenhagen and Kelman, 1964; Cook et al., 1989; Kelman, 1953; 
Palleroni and Doudoroff, 1971). A wide host range comprising 44 plant families 
has been described for this organism (Hayward, 1991). To classify the organism, 
a binary system was developed. One part of the system places emphasis on host 
affinity and the establishment of races, while the other uses selected biochemical 
properties as the basis for separation into biovars (Buddenhagen and Kelman, 
1964; Hayward, 1964; He et al., 1983). Races and biovars are informal groupings 
at the infrasubspecific level that are not governed by the Code of Nomenclature of 
Bacteria (Lapage et al., 1975). Using the binary system, five races have been 
described (Aragaki and Quinon, 1965; Buddenhagen et al., 1962; Buddenhagen 
and Kelman, 1964; He et al., 1983). Only two of these races appear to infect 
tomato. Race 1 affects tomato, tobacco, many solanaceous foods and weeds, and 
certain diploid bananas. Race 3 affects potatoes and tomatoes, but is not highly 
virulent on other solanaceous crops (Buddenhagen et al., 1962). In addition, five 
biovars have been differentiated based on their ability to utilize and/or oxidize 
several hexose alcohols and disaccharides (Hayward, 1964; He et al., 1983). 
Biovar 1 and 2 are distinct from biovars 3, 4, and 5 on the basis of DNA probes 
and RFLP analysis (Cook et al., 1989). Using this methodology, strains from 
biovars 3, 4, and 5 (race 1) have been grouped into 14 different RFLP groups in 
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division 1. Strains from biovars 1 and 2 (races 1, 3 and 2, respectively) have been 
grouped into 16 RFLP groups in division 2. There are also marked differences in 
the geographical distribution of the biovars suggesting a separate evolutionary 
origin (Cook et al., 1989). In general, biovar 1 is predominant in the Americas and 
biovar 3 in Asia. In the USA only biovar 1 has been reported from Florida to North 
Carolina (Haque and Echandi, 1984; Martin et al., 1982; Mclaughlin and Sequeira, 
1989; Vellupillai and Stall, 1985). By contrast, biovar 1 is absent from most parts of 
Asia, with the exception of the Philippines where biovars 1 through 4 can be found. 
Also here as elsewhere in Asia biovar 3 is the predominant biovar in lowland 
regions (Valdez, 1985). 
Hayward (1991) indicates that there may be sufficient evidence to justify 
progression to a formal system of classification in which P. so/anacearum would be 
divided up into two or more subspecies governed by the Code of Nomenclature of 
Bacteria (Lapage et al., 1975). 
Tomato bacterial wilt resistance 
Satisfactory levels of resistance to bacterial wilt combined with commercial 
fruit size and quality have been difficult to obtain in tomato, although this has been 
the objective of work in several countries. 
MacGuire (1960) encountered considerable difficulty in combining 
commercial fruit size and good horticultural characters with optimum levels of 
resistance in progeny derived from crosses between root knot nematode resistant 
Hawaiian lines and bacterial wilt-tolerant North Carolina lines. He also found it 
difficult to combine true-breeding root knot nematode resistance derived from the 
Mi gene with high levels of resistance to bacterial wilt. Acosta et al. (1964) 
suggested that this could be due to a possible linkage between the Mi locus on 
chromosome 6 and one or more genes conditioning susceptibility to bacterial wilt 
in tomato. Resistance to bacterial wilt found in the progeny derived from crosses 
between Hawaii and North Carolina germplasm was interpreted as polygenic by 
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Singh (1961, cited by Acosta et al., 1964). 
Acosta et al. (1964) studied the heritability of bacterial wilt resistance in 
tomato using another source of resistance, the inbred line HES 5808-2, which is a 
selection of L. pimpinellifolium, PI 127805A. The female parent used in the cross 
was Anahu, a cultivar which produces uniform light green fruit (u gene) and 
determinate plant growth. Nine weeks after transplanting they used the bed 
nursery test, and noted that resistance in the F 1 plants failed to equal that of the 
resistant parent. The survival curve for the F 1 was above that of the F 2 indicating 
some partial dominance for resistance. Additionally, they observed in the F2 
population an apparent association of bacterial wilt resistance with indeterminate 
plant growth (sp +). They however, did not find that indeterminate plant habit 
protected commercial cultivars from the effects of bacterial wilt. Their research 
produced recombinant determinate, partially resistant lines. No resistant plant with 
commercial fruit size was reported, and no association between the inheritance of 
resistance to bacterial wilt and the u gene for immature fruit color was observed 
(Acosta et al., 1964). 
Studies conducted at the Asian Vegetable Research and Development 
Center (AVRDC, Taiwan) suggest that resistance to bacterial wilt can be controlled 
by multiple genes acting additively (AVRDC, 197 4, cited by Cervantes and Lantin-
Rosario, 1982). Ferrer (1974, cited by Sonada and Augustine, 1978) found another 
source of resistance to bacterial wilt, PI 126408-6-BK. He reported that the 
resistance in this line is polygenically controlled, and not linked with small fruit size. 
Sonada and Augustine (1978) reported that PI 126408-6-BK was highly tolerant to 
bacterial wilt under field conditions in Florida. 
Lasso (1974) worked in Panama on a program to develop resistance to 
bacterial wilt in processing tomato with the line CRA 66 (L. pimpinellifolium), a wilt 
resistant material collected in French West Indies, and the tomato cultivar Roma 
VF. He obtained a group of wilt resistant lines that presented indeterminate plant 
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habit and small fruit size (diameter between 0.5 to 5.5 em). Then a backcross was 
made between the best line ('Jilma 73 S', 25.1 g average fruit weight) and 'Roma 
VF'. Few advanced progenies with good yielding, intermediate fruit size, 
semideterminate plant habit, and good levels of bacterial wilt resistance were 
obtained. 
Louw (1981, cited by Bosch et al., 1985) studied the inheritance of bacterial 
wilt resistance derived from the North Carolina line BW2, using a South African P. 
so/anacearum strain. He reported that his data fit a 2 gene model with epistasis 
where gene A was epistatic over gene B. He indicated that gene B did not 
contribute to bacterial wilt resistance in the absence of A He also reported that 
genes A and B are dominant with incomplete penetration and suggested that line 
BW2 is probably the source of gene A and 'Roma VF' the source of gene B. 
Bosch et al. (1985) in South Africa, developed the fresh market tomato 
cultivar Rodade. 'Rodade' was reported to be resistant to race 1 of the bacterial 
wilt pathogen. It was derived from the North Carolina BW2 line and 'Roma VF'. 
'Rodade' has a determine plant habit and intermediate fruit size (112 g). Most 
recently, Bosch et al., (1990) reported the development of a multiple disease-
resistant fresh-market tomato cultivar, Rotam 4. This cultivar was originated from a 
cross between the breeding line L1051 and 'FLora-Dade'. L1051 was selected 
from a cross between the South African local cultivar Roodeplaat Albesto and the 
wilt resistant line BW4 from North Carolina. 
Jaworski et al. (1987) evaluated 2064 cultivars and plant introduction (PI's) 
from the National Plant Germplasm Collection (USA) under field conditions. They 
encountered good resistance levels to P. so/anacearum, race 1 biovar 1, in 
selections of L. escu/entum (GA 1565-2-4 BWT, GA 219-1-2 BWT and GA 1 095-1-4 
BWT), and of L. escu/entum x L. pimpinellifolium (GA 1405-1-2 BWT). These 
selections possessed a vigorous indeterminate growth habit, and jointed pedicels. 
Stolberg et al. (1986} indicated that in a preliminary characterization of a 
Central American tomato collection, maintained at Centro Agron6mico Tropical de 
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lnvestigaci6n y Enserianza; Regional Center for Agricultural Research and 
Education (CATIE), Costa Rica, several accessions expressed resistance to a 
mixture of strains of bacterial wilt (race 1, biovar 1) under field conditions. 
For this study, the objectives were: 1) the identification of tomato materials 
with resistance to bacterial wilt, and 2) a comparison of the combining abilities of 
BW resistant tomato cultivars when used as hybrid parents. 
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MATERIALS AND METHODS 
Planting Procedure 
Seed was placed in a greenhouse soil mixture 50% peat moss, 30% perlite and 
20% soil. The pH of the soil mixture was adjusted to 5.5 with ground pulverized 
limestone (Table 1). Soil media were sieved through a 6 mm2 mesh screen and 
steam-pasteurized. 
Table 1. Greenhouse soil mix composition. 
Material Percentage 
Canadian Sphagnum peat moss 50 
Coarse Perlite-premium grade 30 
Soil 20 
Ground pulverized limestone variable 
Coarse Vermiculite-premium grade upper layer 
Company* 
Fison Horticulture Inc. 
Vancouver, Canada. 
Strong-Lite. Pine Bluff, AR. 
Columbia Quarry Co. 
Columbia, Illinois. 
Strong-Lite. Pine Bluff, AR. 
*Mention of a trademark name does not constitute a guarantee or warranty of the product by 
the USDA, and does not imply its approval to the exclusion of other products that may also be 
suitable. 
Seeds were sown 2.4 em apart in Jiffy HD 20-row seed flats (A. H. Hummert 
Seed Co, St. Louis, Missouri) . This flat has separated rows and was selected to 
avoid interplot interference. After the seed was sown, a thin layer of coarse 
vermiculite was put on top to retain soil mixture. Flats were placed in a 
greenhouse held at 25 ± 3C and watered daily. Watering was suspended 36 
hours prior to inoculation and was resumed 24 hours after inoculation. A 14-hour 
photoperiod was provided for the duration of each experiment. 
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Cultures 
Seven strains of Pseudomonas solanacearum, virulent on tomato (Table 2), 
were used in this study. These strains were obtained from the collection held at 
the Department of Plant Pathology, University of Wisconsin (UW), Madison. Each 
strain has been characterized using DNA probes and RFLP analysis, in addition to 
the race and biovar grouping (Cook et al., 1989; Cook et al., 1990). 
Stock cultures were stored at -SOC in a sterilized glycerol mixture (80% 
glycerol : 20% Type I water) for long term storage, and in sterile Type I water 
(ASTM, 1988) in screw-cap glass tubes at room temperature for short term use 
(Prior, 1990). To prepare the inoculum, stock cultures stored in sterile Type I water 
were streaked on Kelman's tetrazolium chloride medium, TZC-agar (Kelman, 
1954), and incubated for 48 hours at 30C. Fluidal, wild-type colonies were 
selected and restreaked on the same medium without TZC (Bacto-agar). After 48 
hours at 30C, colonies were harvested in sterile 0.1 M phosphate buffer, pH 7.2, 
and washed twice. Bacterial cells were recovered after each cycle by centrifuging 
at 6000 x g for 10 minutes at room temperature. After the last wash, the bacterial 
cell pellet was resuspended in sterile distilled water and the suspension diluted to 
108 colony forming units per milliliter (cfu/ml) which was determined 
spectrophotometrically by comparing absorbance at 600 nm to a previously 
constructed standard curve. 
Standard and Infectivity Titration Curves 
Standard Curves 
From each isolate spread plates, log cfu/ml data was plotted against 
absorbance values, OD600, to obtain standard curves for each isolate (Gerhardt, 
1981). Absorbance of the desired inoculum concentration (108 cfu/ml) as 
determine by kill curves, was estimated using linear regression analyses (Steel and 
Torrie, 1980). 
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Table 2. Characterization of Pseudomonas so/anacearum strains used in this 
studr. 
Altern. 
uw RFLP strain 
no. Race Biovar Location Host Div. group no. Source 
25 1 1 USA Tomato 2 1 K-60 Kelman 
258 1 1 Costa Rica Potato 2 3 Sequeira 
256 1 1 Costa Rica Potato 2 4 G-7 Gonzalez 
275 1 1 Costa Rica Melampodium 2 5 Sequeira 
perfoliatum 
255 1 3 Costa Rica Pepper 1 8 G-1 Gonzalez 
130 1 3 Peru Tomato 1 9 S-255 Sequeira 
8 1 3 Costa Rica Eupatorium 1 13 S-213 Sequeira 
odoratum 
zsources: Cook, D., E. Barlow, and L Sequeira. 1989. Molecular Plant-Microbe Interactions 
2(3}:113-121. 
Cook, D., E. Barlow, and L Sequeira. 1990. In: H. Hennecke and D.P. Verna (eds.). 
Advances in Molecular Genetics of Plant-Microbe Interactions. Proceeding of the 5th 
international symposium on the molecular genetics of plant-microbe interactions. 
Kluwer Academic Publisher, London, England. p. 1 03-1 08. 
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Infectivity Titration (kill) Curves 
Infectivity titrations for each P. so/anacearum strain were conducted to estimate 
pathogen virulence, and to determine the resistance level (Ercolani, 1976) of 
tomato cultivars UC-828 and Rodade. Inoculum was prepared as described to 
produce a Type I water suspension containing 1 o9 cfu/ml. Serial dilutions were 
constructed to provide 1 0 inoculum levels ranging from 1 0° to 1 09 cfu/ml. 
Inoculation occured as described below. 
To randomize environmental effects, the treatments were arranged as a split-
split-plot design with two replicates (Gomez and Gomez, 1984). Seven P. 
solanacearum strains were assigned to main plots, two tomato cultivars to 
subplots and 1 0 inoculum concentrations to sub-subplots. Sixteen to 22 plants of 
each cultivar were tested at each of the 1 0 inoculum levels. Data were recorded at 
20 days post inoculation, and a disease index (01) calculated. Percent of plants 
wilted data was transformed to probit (probability of response on a transformed 
scale), using Finney's (1977) transformation table. Linear regression of probit 
(transformed percent wilt) of each cultivar (ordinate) versus log dose (abscissa) 
was used to calculate an effective mean dose or Eo50 value, defined as the 
average number of cfu/ml required to permanently wilt 50% of the population. 
These results were used as an additional criterion to determine the effective dose 
(cfu/ml) which would be used in subsequent tests, and to select the 4 strains used 
in the evaluation of a Central American tomato plant introduction collection 
(CATIE). 
Inoculation Technique 
A root-inoculation technique using 21-day old plants was used. At this stage of 
growth the seedlings possessed 2 true leaves and were approximately 4.5 to 18.0 
em tall depending on the cultivar or plant introduction (PI). 
Fifty milliliters of the inoculum were added at the base of the seedlings in each 
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row of the flat (ratio of inoculum to soil volume, 1:3 respectively; 1 liter/flat) . Roots 
were immediately cut by running a sharp knife in the planting medium between 
and across the rows of seedlings (Gonzalez et al., 1973). After inoculation, flats 
were maintained in a greenhouse at 28 ± 3C air temperature and 26 ± 2C soil 
temperature. Plants received supplemental lighting to achieve a 14 hour 
photoperiod. Symptom development was scored and recorded 20 days after 
inoculation. 
Evaluation 
Ratings for bacterial wilt interaction phenotypes (IP) were made at 20 days post 
inoculation on a 0 (best) to 9 (worst) scale of increasing disease severity, using a 
modification of Williams' (1988) scaling for the non-metric quantification of the IP. 
Disease scores were described as: 
0 = No interaction phenotype (immunity). 
1 = No wilting symptoms, but foliar yellowing and growth reduction compared with 
a non-inoculated control. 
3 = 1 or 2 leaves partially wilted, wilted or lost. 
5 = All leaves except the meristem (top) wilted. 
7 = All leaves and meristem wilted, but at lest 50% of the stem was erect and 
turgid. 
9 =Dead. 
A Dl was calculated as the number of plants in an entry with a particular score, 
multiplied by that score. Within an entry all products were summed and then 
divided by the total number of plants. The Dl served as a measure of central 
tendency or weighted mean, defined by Steel and Terrie (1980) as: 
Y = IfiYi/Ifi = Dl where: 
fi = the frequency of plants possessing a particular disease score. 
Yi = disease score. 
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Evaluation of a Central American Tomato Plant Introduction Collection 
(CAllE, Costa Rica) for resistance to Pseudomonas so/anacearum 
For this study, 7 commercial cultivars (controls) and 233 tomato plant 
introduction accessions of a Central American tomato collection, maintained at 
CATIE (Centro Agron6mico Tropical de lnvestigaci6n y Enserianza; Regional 
Center for Agricultural Research and Education), Turrialba, Costa Rica, were 
evaluated for resistance to Pseudomonas so/anacearum. Cultivars UC-82B and 
Stephens were used as susceptible controls. Cultivars Venus, Saturn, Rodade, 
Rotam 4, and Hawaii 7998 were used as bacterial wilt-resistant controls (Bosch et 
al., 1985; Bosch et al., 1990.; Henderson and Jenkins, 1977; Rouamba et al., 1988; 
Steven et al., 1976). 
Each entry was screened for resistance to two strains of biovar 1 (UW-25 and 
UW-256), and two strains of biovar 3 (UW-255 and UW-130). These strains were 
selected based on their origin (Table 1), and their virulence as defined by their 
ED 5o· 
Evaluation for resistance to each strain was designed as a completely 
randomized block design (Gomez and Gomez, 1984) with 3 replications. 
Components of the analysis of variance are given in Table 1A. The number of 
plants evaluated per entry per replicate varied depending on each accession seed 
availability and viability. 
Ratings for bacterial wilt IP's were made 20 days post-inoculation using a 
modification of Williams' (1988) 0 to 9 scale of increasing disease severity. A 
disease index was calculated for each entry. As an indirect measure of variability, 
the percentage of plants per accession that were classified as highly resistant 
(01~3) were determined. Disease index mean, standard deviation (SO), coefficient 
of variation (CV), least significant difference (LSD) for percent plants with 01~3. 
and LSD for disease index means for each accession were estimated for each 
strain. 
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Resistant classes (Table 3) were assigned to disease index ranges (Thomas 
and Jourdain, 1990) calculated by the weighted mean formula. For each bacterial 
strain, resistant materials were selected using their mean Dl. The selected 
materials were compared with the resistant control cultivar Hawaii 7998 using the 
least significant difference test (LSD) (Steel and Torrie, 1980). 
Table 3. Tomato bacterial wilt resistance classes. 
Resistant class Dl 
Very resistant 0.0 - 3.0 
Moderately resistant 3.1 - 5.0 
Slightly resistant 5.1 - 6.0 
Susceptible 6.1-7.0 
Very susceptible 7.1-9.0 
Comparison of Resistant Tomato Cultivars as Hybrid Parents 
Plant material 
Plant materials chosen as parents for this study were 5 tomato cultivars (Venus, 
Saturn, Rodade, Rotam 4, and Hawaii 7998) that have been reported to be 
resistant to Peudomonas so/anacearum, and 2 cultivars (UC-828, and Stephens) 
that have potential to be used under conditions of high temperature and humidity 
in the lowland tropics, but are susceptible to the more predominant bacterial wilt 
strains. A list of the cultivars is shown in Table 4, and a brief description is given 
below: 
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Table 4. Cultivars used as parents in the diallel analysis of tomato resistance 
to Pseudomonas solanacearum (biovars 1 and 3). 
Plant Source of 
Cultivar Origin TypeY hab~ BW resistance 
UC-82B University of California,Davis, p D 
USA 
Stephens USA FM D 
Venus AES, North Carolina FM Beltsville no. 3841 
State University, USA and PI 129080 
Saturn AES, North Carolina FM Beltsville no. 3841 
State University, USA and PI 129080 
Rodade Hort. Research lnst. FM D Line BW-2 
South Africa North Carolina 
Rotam 4 Vegetable and Ornamental FM D Line BW-4 
Plant Res. lnst., South Africa North Carolina 
Hawaii University of Florida, USA L PI 127805A 
7998 
Yp, processing tomato; FM, fresh market tomato; L, breeding line. 
zo, determinate; I, indeterminate. 
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1. 'UC-828' Formerly designated as 82-8-2-1 0, is a processing tomato cultivar 
which was developed by the Department of Vegetable Crops, University of 
California, Davis. 'UC-828' plants produce no more than 6 firm blocky fruits per 
truss. Fruits have uniform ripening, with jointed pedicels. Plant habit is determinate 
with profuse branching, and good vine coverage. 'UC-828' is resistant to Fusarium 
oxysporum f. sp. /ycopersici, race 1, and Verticillium dahliae strain 1 (Stevens et 
al., 1976). 
2. 'Venus' and 'Saturn' Formerly designated N.C. 70-TR7 and N.C. 70-TR5, 
respectively, are two fresh market tomato cultivars released in 1970 by the North 
Carolina State University Agricultural Experimental Station. They produce medium-
size red fruits, with a moderate resistance to radial cracking. Plant habit is 
indeterminate with good foliage cover. Maturity is mid-season-to-late. Fruit shape 
is the principal difference between 'Venus', which is slightly oblate, and 'Saturn', 
which is a deep globe. Two sources of bacterial wilt resistance are common to 
'Venus' and 'Saturn'; Beltsville no. 3841 (T414) from Puerto Rico (Lycopersicon 
esculentum vr. pyriforme, pear-shaped type), and Pl129080 (T702) from Colombia 
(originally classed as L. pimpinellifolium, currant tomato; then reclassified as L. 
escu/entum var. cerasiforme, cherry tomato). To obtain the two cultivars crosses 
were made between 'Beltsville no. 3814' and 'Louisiana Pink', and between PI 
129080 and 'Pan America'. 'Rutgers', 'Marglobe', 'S.T.E.P. 147', and 'Manalucie' 
were used to improve productivity, quality, and adaptability. The two cultivars also 
carry resistance to Fusarium oxysporum f.sp. /ycopersici race 1 (Henderson and 
Jenkins, 1977). 
3. 'Rodade' Is a fresh market tomato released by the Horticultural Research 
Institute, South Africa, in 1982. 'Rodade' has dark green unripe fruits that ripen 
evenly. Determinate plants possess the jointless character, dark green leaves, and 
a prominent stem scar. An average fruit weight of 112 g has been reported. To 
obtain the cultivar, crosses were made between the North Carolina line BW2 and 
the hybrid 'Adda' x 'Roma VF'. Line 1357-1, and 'Flora-Dade' were used to 
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improve productivity and quality. 'Rodade' is reported to be resistant to 
Pseudomonas so/anacearum, race 1 , Fusarium oxysporium races 1 and 2, and 
Verticillium dahliae (Bosch et al., 1985). 
4. 'Rotam 4' Is a fresh market tomato developed by the Vegetable and 
Ornamental Plant Research Institute, South Africa. 'Rotam 4' has firm fruit resistant 
to catface and cracks. Fruit is round to oblate, slightly green-shouldered, with 
jointed fruit pedicels. Pedicels remain fixed to the plant at harvest. 'Rotam 4' has 
determinate growth habit. A trellised plant height of 1.3 m, and an average fruit 
weight of 120 g has been reported. The source of bacterial wilt resistance is the 
North Carolina line BW4. To obtain the cultivar, crosses were made between the 
cultivar Roodeplaat Albesto and line BW4. 'Flora-Dade' was used to improve 
quality and introduce additional disease resistance. 'Rotam 4' is reported to be a 
resistant to Pseudomonas solanacearum race 1, biovar 3, Fusarium oxysporum f. 
sp. lycopersici races 1 and 2, Verticillium dahliae, race 1, C/avibacter 
michiganensis ssp. michiganensis, Pseudomonas syringae pv. tomato, 
Meloidogyne incognita and M. javanica (Bosh et al., 1990). 
5. 'Hawaii 7998' Was selected as a resistant line for P. so/anacearum. 'Hawaii 
7998' has an indeterminate plant habit with profuse branching. Fruit are small, 30 
to 40 g. The source of bacterial wilt resistance is PI 127805A from Hawaii (L 
pimpinellifolium)(Rouamba et al., 1988). 'Hawaii 7998' is also reported to be 
resistant to Xanthomonas campestris pv. vesicatoria (Scott et al., 1989). 
6. 'Stephens' Is a fresh market tomato. It carries resistance to tomato spotted 
wilt virus (TSWV), and has the potential to be used under tropical conditions (Dr. 
W.L. Summers, Department of Horticulture, Iowa State University, personal 
communication, September 1993). 
To form the F 1·s, a diallel mating design with the seven parents selected was 
used (Fehr, 1987) to produce one set of their 21 possible crosses. Parental plants 
were grown in 2-gallon plastic pots under greenhouse conditions (Lawson, 1983). 
An unpaired parent planting arrangement was selected to conduct the artificial 
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hybridization. To obtain flower synchronization and ensure adequate pollen, the 
original parent plants were vegetatively propagated weekly (Fehr, 1987). Flowers 
to be used as females were emasculated with sharp pointed forceps when the 
flowers began to show petal color (approximately 24 to 36 hours before anthesis). 
Pollen from freshly opened flowers of the selected male parent was harvested in 
empty number 1 gelatin capsules using an electric vibrator. The pollen was then 
placed in contact with the exposed stigma of the emasculated flower, and the 
resulting cross was tagged. Two or three crosses were made per truss. All extra 
buds, flowers and fruits were removed from the truss. At maturity, tagged fruits 
were harvested and the seed removed. Seeds were cleaned for 2 hours in a 1 0% 
HCI acid bath, water rinsed and air-dried (Lawson, 1983). A detailed time schedule 
of the different activities is presented in Table A2. 
Experimental procedure 
The seven parents and their 21 F1 crosses (28 entries) were arranged 
according to a randomized complete block design with 4 replications. No 
distinction between reciprocal crosses was made. Seeds were planted as 
previously described into Jiffy HD20-row seed flats. Two rows were sown for each 
entry. After 10 days, seedlings were thinned to 11 per row. The 28 entries were 
evaluated for resistance to seven strains of Pseudomonas solanacearum (Table 4) 
in different experiments. Four strains belonged to biovar 1 (UW-25, UW-258, UW-
256, and UW-275), and three to biovar 3 (UW-255, UW-130, and UW-8) . 
Twenty one day old seedlings were inoculated using the root inoculation 
technique previously described. Ratings for bacterial wilt interaction phenotypes 
were made 20 days post-inoculation using a modification of Williams' {1988) 0 to 9 
scale of increasing disease severity. A disease index was calculated for each entry 
as before and used for the statistical analysis. 
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Statistical analysis 
The analysis of variance for resistance to Pseudomonas so/anacearum was 
accomplished using the model for a randomized complete block design. The 
model assumed that genotypes (parents and their 21 F 1 's) were fixed, and 
replications were random (Model 1). Gardner and Eberhart's Analysis Ill (1966) for 
a set of parents (p) and their [p(p-1)]/2 single cross progeny was used to 
determine general (GCA) and specific (SCA) combining abilities. Combining ability 
effects were estimated using multiple linear regression (Steel and Terrie, 1980). 
General combining ability (GCA) effects were used to measure the average 
performance of the parents in hybrid combination, while specific combining ability 
(SCA) effects determine those instances in which the performance of the hybrids 
were better or worse than would be expected on the basis of the performance of 
the parents involved (Sprague and Tatum, 1942). 
The statistical genetics model (Baker, 1978; Gardner and Eberhart, 1966) used 
for analyzing each experiments data was: 
where 
vi = Jl.v + vi for parents 
Cij = JJ.c + gi + gj + sij for single cross progeny 
Vi = means of the parents, 
Cij = variety crosses, 
JJ.v = mean of all parents, 
vi = effect of ith parent, 
JJ.c = mean of all single cross progeny, 
gi = general combining ability of ith parent, and 
sij = specific combining ability of ith and jth parents. 
The components of the analysis of variance are given in Table 5. Using 
Gardner and Eberhart's Analysis Ill {1966) GCA for each parent was estimated 
from progeny data only. For this reason, standard errors for effects and the 
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Table 5. Analysis of variance format for the evaluation of seven parents and their 
21 F j crosses for resistance to Pseudomonas solanacearum, using 
Gardner and Eberhart's (1986)-Analysis Ill. 
Source of Expected 
variance dfY mean squarez 
Replications (R) r-1 a2+ea2R 
Entries (E) {p(p+ 1 )-2}/2 a2+re2E 
Parents (P) p-1 o2+re2 p 
Parents vs. crases a2+re2PC 
Crosses (C) {p(p-1 )/2}-1 a2+re2c 
General combining ability (GCA) p-1 2 2 a +r(p-2)e GCA 
Specific combining ability (SCA) p(p-3)/2 a2+re2SCA 
Error (r-1 ){[p(p+ 1 )-2]/2} 02 
Total {[rp(p+1)]/2}-1 
YReplications and parents are refered as rand p, respectively. 
zModell, replications are random and treatments (entries) are fixed. Expected mean square of 
a random factor = a2; mean square of the population effects = e2. 
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differences between effects were computed using the formulae provided by Griffing 
(1956) for experimental method 4, Model I. Average heterosis (h) was estimated 
as the difference between the mean of all single cross progeny and the mean of 
the parents (Baker, 1978). Variety effect (vi) was computed as the difference 
between the 01 value of a particular parent and the mean 01 of all the parents 
(Gardner and Eberhart, 1966). 
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RESULTS AND DISCUSSION 
Standard and Infectivity Titration Curves 
Standard curves 
Standard curves relating absorbance to bacterial concentration are shown in 
Table 6 and Figures A 10 to A 16. Estimated absorbance at an inoculum 
concentration of 1 o8 cfu/ml appears in Table 6. Absorbance values between 0.12 
and 0.28 were obtained depending on the strain used. A similar estimated 
absorbance value of 0.1 (Oo60o> for an inoculum concentration of 1 o
8 cfu/ml, was 
reported by the Department of Plant Pathology, University of Wisconsin, Madison, 
for the standard curve of strain UW-25 (K-60) (Dr. Caitilyn Allen, personal 
communication October, 1992). 
Values derived from the standard curves were used to spectrophotometrically 
adjust the inoculum concentration in subsequent experiments to 1 o8 cfu/ml. It is 
important to clarify that the estimated absorbance values for a specific strain can 
change depending of the procedure, and working conditions used to prepare the 
inoculum. In addition, standard curves must be developed for each strain used in 
a particular experiment (Gerhardt et al., 1981). 
Infectivity titration (Kill) curves 
Results of the infectivity titration (kill) curves for the two cultivars and seven P. 
so/anacearum strains are presented in Table 7 and Figures A1 to A9. A high 
degree of correlation between log dose and probit of percentage of wilted plants in 
the interaction of the seven P. so/anacearum strains with the two tomato cultivars 
tested was observed (Table 7). 
Infectivity titration was an effective way to determine the different resistance 
responses between the two cultivars and seven P. solanacearum strains used in 
this study (Table 7). Estimated ED50 values for the resistant cultivar Rodade lay 
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Table 6. Estimated absorbance at a concentration of 1 o8 cfu/ml for seven 
Pseudomonas solanacearum strains, 00600. 
Strain Regression equationx rY 
UW-25 y- 752,563,392.75 X+ 8,749,734 . 86 0.97 
UW-258 y- 369,560,856.97 X - 8' 152' 381.42 0.99 
UW-256 y- 394,220,765 . 84 X - 9,239,315.96 0.99 
UW-275 y- 660,794,410.24 X- 8,468,086.53 0.99 
UW-255 y- 558,700,725.40 X- 12,755,856.93 0.99 
UW-130 y- 775,579,640.89 X - 20,176,482 . 98 0 . 99 
UW - 8 y- 514,407,779 . 86 X- 3,202,441.54 0 . 99 
xAbsorbance 00600 = x; Log of bacterial concentration (cfu/ml) = y. 
Y Correlation coefficient. 
zEstimated absorbance at 00600 of a 10







0 . 20 
0.16 
0 . 20 
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Table 7. A comparison of infectivity titrations in two tomato cultivars for 




UW-25 y - 0.32 X+ 
UW-258 NAz 






UW-25 y - 0 .40 X+ 
UW-258 y - 0 . 82 X -
UW-256 y - 0.41 X+ 
UW-275 y - 0. 72 X+ 
UW-255 y - 0.68 X+ 
UW-130 y - 0.59 X+ 
UW-8 y - 0 . 71 X+ 
2 . 97 
1. 37 
1. 63 
2 . 04 
2.20 




0 . 85 
NA 





0 . 71 
0 . 91 
0 . 66 
0.81 
0.79 
0 . 66 
0 . 76 
ED SOx 








3 . 39x108 
6.62x106 
3 . 94x106 
2 . 63x105 
6 . 90x1o4 
9.58x104 




4 . 59 
8.22 
3.16 
5 . 29 
2 . 75 
4 . 05 
6 . 74 
3.68 
8.10 
8 . 62 
8 . 41 
8.93 
9.00 
vlog dose = x, probit (probability of response on a transformed scale, Finney, 1977) of 
the percentage of plants permanently wilted = y. 
wcorrelation coefficient. 
xEstimated number of colony forming units per milliliter (cfu/ml) capable of permanently 
wilting 50% of the population. 
Y Average disease index (DI) of 4 replications, using an inoculum concentration of 1 o8 
cfu/ml. Rating taken 20 days after inoculation. Resistant classes based on Dl : very resistant 
= Dl of 0 to 3, moderately resistant = Dl of 3. 1 to 5, slightly resistant = Dl of 5.1 to 6, 
susceptible = Dl of 6.1 to 7, and very susceptible = Dl of 7.1 to 9. 
zNot applicable. Estimates lie out of the predicted interval. 
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out of the predicted interval for all the strains to which this cultivar was found very 
resistant (strain UW-275), moderately resistant (strains UW-258, UW-275, and UW-
8), and slightly resistant (UW-255). In contrast, the ED50·s for the strains UW-25 
and UW-256, for which this cultivar was found very susceptible, were 2.2 x1 06 and 
3.16 x 1 o7, respectively. When the cultivar UC-82B was used, the ED 50's were 
6.62 x 1 o6, 3.94 x 1 o6, 2.63 x 1 o5, 6.90 x 1 o4, and 9.58 x 1 o4 for strains UW-256, 
UW-275, UW-255, UW-130, and UW-8, respectively. 'UC-82B' was classified as 
very susceptible for all these strains (Table 7). 
Infectivity titrations more accurately detect small differences in resistance than 
do the standard screening techniques using average disease index as a resistance 
measure. Bowman and Sequeira (1982) indicated that this methodology can be 
used to determine levels of resistance to highly virulent P. solanacearum potato 
strains. A good correlation between tomato resistance and/or susceptibility to P. 
solanacearum in field experiments and ED50 values obtained from infectivity 
titration using stem inoculation has been reported (AVRDC, 1984). Bowman and 
Sequeira (1982) indicated that infectivity titration using root inoculation is a more 
desirable technique than using stem inoculation, but that root inoculation does not 
provide uniform infection. Infectivity titration for BW resistance can be used in 
future studies to determine whether the degree of resistance of resistant materials 
changes as different strains of the pathogen emerge. 
An effective dose of 1 o8 cfu/ml was selected to be used in subsequent tests. 
The use of this dose clearly distinguished the different degrees of resistance 
observed when 'Rodade' and 'UC-828' were evaluated (Table 7) . Tikoo et al. 
(1988) in their work with 20 day-old tomato seedlings using a stem puncture 
inoculation method, selected the same inoculum concentration to differentiate 
between BW resistant and susceptible materials. Prior (1990) selected an 
inoculum concentration of 1 o7 cfu/ml for his work in which he used a root 
inoculation technique with 21 day-old seedlings, similar to the inoculation method 
used in this research. 
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Strains UW-25 and UW-256 from biovar 1, and UW-255 and UW-130 from 
biovar 3 were selected to be used to evaluate the Central American tomato plant 
introduction collection. These strains were chosen for their geographic distribution 
(Table 2), and their virulence in the infectivity titration test (Table 7). Strains UW-25 
and UW-256 were isolated in USA and Costa Rica, respectively, and were highly 
virulent to the cultivars used in the infectivity titration test (Table 7). On the other 
hand, strains UW-255 and UW-130 were isolated in Costa Rica and Peru, 
respectively, and were only virulent to the cultivar UC-828 used in the infectivity 
titration test (Table 7). 
Evaluation of a Central American Tomato Plant Introduction Collection 
(CATIE, Costa Rica) for Resistance to Pseudomonas solanacearom 
Excellent infection was obtained in all greenhouse experiments. Plants 
started to show the first bacterial wilt symptoms 3 or 4 days after inoculation. First 
the cotyledons and later the foliage began to yellow. Tomato seedling wilt was 
faster when exposed to biovar 3 strains UW-130 and UW-255 than when biovar 1 
strains UW-25 and UW-256 were used. However, by 20 days post inoculation, 
differences in symptomatology that characterized the interaction phenotypes for 
each particular disease score were not present. Both the root inoculation 
technique and disease index (DI) used in the evaluations were adequate to 
distinguish differences in bacterial wilt resistance. 
Highly significant differences for Dl were obtained among genotypes (PI's) for 
each of the 4 strains evaluated (Tables 8 and 9). Resistance tests with the 4 
strains failed to demonstrate the existence of bacterial wilt immunity (DI = 0) for 
any of the 233 PI's or commercial cultivars (controls) evaluated (Tables A3 and 
A4). There was, however, substantial variation in the disease index between 
accessions. 
Table 8. An analysis of variance for disease index (DI) and the percentage of plants with a Dlless than or 
equal to 3 for Pseudomonas solanacearum resistance to strains UW-25 and UW-256 (race 1, biovar 
























df Dl plants Dls3 
2 57.06*** 10,714.18*** 
239z 4 . 37*** 812.03*** 




Table 9. An analysis of variance for disease index (01) and the percentage of plants with a Olless than or 
equal to 3 for Pseudomonas so/anacearum resistance to strains UW-255 and UW-130 (race 1, 
















20 . 60*** 
5 . 71*** 
1.06 
12 . 58 
Percent of 
plants 01~3 
8233 . 49*** 
1051. 69*** 





df 01 plants 01~3 
2 6.43*** 4328.06*** 
239z 13 .20*** 2469.69*** 
461 0 . 90 196 . 59 
12 . 18 1\) -..,J 
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Evaluation for Resistance to Strains UW-25 and UW-256 (race 1, biovar 1). 
A summary of the evaluation of the CATIE tomato collection for resistance to 
Pseudomonas solanacearum, strains UW-25 and UW-256 (race 1, biovar 1) is 
contained in Table A3 of the Appendix. Numbers of plants per entry per replicate 
varied depending on the seed availability and viability of each accession. Table A3 
contains the identity of each plant introduction, the total number of plants 
evaluated, average percentage of plants with a Dls3, and an average Dl of the PI's 
and commercial cultivars evaluated (controls). In addition, the overall mean, 
standard deviation (SO) and the least significant difference at 5% level of 
significance forDland the percentage of plants with Dls3 are given. Cases where 
the means are based on only 2 replications are indicated and the LSD0_05 for 
comparisons between means from 3 versus 2 replications, and 2 versus 2 
replications are given too. 
Evaluation for resistance to strain UW-25 (race 1, biovar 1) 
Resistance to P. solanacearum strain UW-25 was not common. A 
symptomless reaction to inoculation (immunity, Dl = 0) was not observed (Table 
A3). The lowest bacterial wilt Dl was 4.0. Disease index ranged from 4 to 9, 
indicating that levels of susceptibility to the pathogen exist. The average Dl for all 
the materials evaluated was 8.1, and the average percent of plants with a Dls3 
was 9.8%. Significant differences for Dl among plant introduction accessions were 
obtained (Table 8). Only 5, or 2.2 %, of the 233 plant introductions evaluated, and 
2 of the commercial cultivars (controls) showed some degree of resistance (Table 
1 0). Jaworski et al. (1987) evaluated 2064 cultivars and plant introduction 
accessions from the National Plant Germplasm Collection for bacterial wilt 
resistance under Georgia field conditions with natural and artificial inoculation. 
They used an indigenous strain of race 1 , biovar 1. Only a few accessions were 
found to be resistant. More of the materials were killed by the bacterium in the 
field. Only 108 plants from 72 different entries (3.5%) lived to produce mature fruit 
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Table 1 0. Central American plant introduction accessions which were as resistant 
as Hawaii 7998 to Pseudomonas solanacearum strain UW-25 (race 1, 
biovar 1). 
Percent 
of plants Avf 
Pl/cv. Origin Dl~3x Dl 
17334z Panama 63.6 4.0NS 
Hawaii 7998 USA 51.4 5.2 
UC-82B USA 48 . 7 5 . 5Ns 
17349 Panama 30.3 6.1NS 
17740 Panama 29.6 6.1NS 
17739 Taiwan 33 . 3 6.3NS 
17331z Panama 33 . 3 6.4NS 
xPercent of plants with 01~3 mean= 9.8, SD = 12.5 and LSD0.05 = 20.1. 
Yoisease index. Resistant classes based on disease index (DI): very resistant = Dl of o to 3, 
moderately resistant = Dl of 3.1 to 5, slightly resistant = Dl of 5.1 to 6, susceptible = Dl of 6.1 to 
7, and very susceptible = Dl of 7.1 to 9. Data are means of 3 replications. Dl mean = 8.1, SD = 
o.a, cv = 1 0.2% and LSD0.05 = 1.3. 
2Average of 2 replications. LSD0 05 for percent plants = 22.4 for comparisons of means from 
3 vs. 2 replications, and 24.6 for 2 vs: 2 replications. LSD0.05 for average Dl = 1.5 for 
comparisons of means from 3 vs. 2 replications and 1.6 for 2 vs. 2 replications. 
NSNonsignificant. 
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after they were transplanted to be grown under greenhouse conditions. Similarly, 
De-Leon (1987) indicated that in a tomato breeding program conducted at IDIAP, 
Panama, large segregating populations have been used to select resistant 
materials. 
In Table 10 the more resistant materials were arranged in ascending Dl. PI's 
ranked as very resistant (DI of 0 to 3) were not found (Table A3). The plant 
introduction CATIE-17334, with an average Dl of 4.0 and the highest percentage of 
plants with a Dls3 (63.6%), was the only one classified as moderately resistant. It 
was followed by the control cultivars Hawaii 7998 and UC-828 (both ranked as 
slightly resistant), and the PI's CATIE-17349, 17740, 17739, and 17331 ranked as 
susceptible, according to the designation of resistance classes listed in Table 3. 
Even though no very resistant PI's were observed, the percentage of plants with 
Dls3 was larger than 29% in all the PI's selected (Table 10). Through an adequate 
breeding strategy the percentage of resistant plants could be increased, and thus 
increase the average level of resistance of these materials. 
No significant differences were found when the materials with the lowest Dl 
were compared with the resistant control line Hawaii 7998 (Table 1 0). Also, it was 
found that 'UC-828' possesses some degree of resistance to the bacterial wilt 
strain UW-25 (K-60) isolated from tomato in North Carolina (Table 1 ). 'UC-828' is a 
processing tomato cultivar developed by the University of California, Davis 
(Stevens et al., 1976), that has good fruit quality characteristics, and a high yield. 
With the exception of the cultivar UC-828, materials with the lowest average 
Dl (Table 1 0) have been all reported as resistant to bacterial wilt under field 
conditions in their countries of origin and/or other regions (CATIE, 1992a; De-Leon, 
1987; Rouamba et al., 1988). Four of the five best PI's are from the IDIAP Tomato 
Breeding Program in Panama (De-Leon, 1987). PI's CATIE 17331, 17334, and 
17339 are F 5 derived lines selected from a double cross between (CL 114-5-5-0-0 
x 1-12) x (19L x 1-12). CL 114-5-5-0-0 is a selected line from the AVRDC, Taiwan 
(CATIE, 1992b; De-Leon, 1987). Cultivar 1-12 was developed using sources of 
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resistance from North Carolina, French Guyana, and Hawaii. Line 19L was 
developed by crossing advanced BW resistant materials and resistant lines from 
Taiwan (De-Leon, 1987). PI CATIE 17349 is another F5 derive line developed by 
the IDIAP Panama from the cross between lines 19L x 1-12 (CATIE, 1992b; De-
Leon, 1987). All these materials were selected as processing tomato lines with 
good levels of resistance to bacterial wilt under warm and humid tropical 
conditions (De-Leon, 1987). PI CATIE 17740, is a selection made in Costa Rica 
(selection EEFB no. 21) of the AVRDC line CL 5915-222 D4-0-4-0 (CATIE, 1992b). 
'UC-82B' and the other 5 PI's from the CATIE collection should be tested more 
extensively under greenhouse and field conditions for resistance to the most 
predominant P. solanacearum strains found in the USA, to determine their real 
potential as sources of resistance to bacterial wilt. Because the Panamanian lines 
have similar sources of resistance, infectivity titration tests (Bowman and Sequeira , 
1982), the extent of bacterial colonization (Grimault and Prior, 1993), or other 
appropriate tests could be conducting using strains from the USA to determine the 
most resistant lines. It would be also important to determine whether F 1 lines from 
crosses between the cultivar UC-82B and the Panamanian lines are resistant to 
bacterial wilt. 
Evaluation for resistance to strain UW-256 (race 1, biovar 1) 
Resistance toP. solanacearum strain UW-256 was more frequent than for 
strain UW-25. An immune reaction (DI = 0) was not observed (Table A3). Highly 
significant differences for Dl among plant introductions were also obtained (Table 
8). The lowest Dl was 3.0, and the Dl ranged from 3.0 to 9.0, indicating the 
existence of better levels of resistance than compared to data for strain UW-25. 
The average Dl mean was 7.7, and the overall percentage of plants with a Dls3 
was 17. 
Twenty four (1 0.3%) of the 233 plant introduction accessions evaluated, and 
four commercial cultivars (controls) showed some degree of resistance (Table 11 ). 
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Table 11. Central American plant introduction accessions which were as resistant 
as Hawaii 7998 to Pseudomonas so/anacearum strain UW-256 (race 1, 
biovar 1). 
Percent 
of plants Avf 
Pl/cv. Origin Dls3X 01 
CH-1 Costa Rica (MIP) 73 . 9 3 . oNS 
Rotam 4 South Africa 66 . 7 3 . 7NS 
Venus USA 69.4 3 . 9NS 
17334z Panama 61.9 4.oNS 
7994 Mexico 36 . 4 4.2NS 
Saturn USA 64 . 3 4.3NS 
Hawaii 7998 USA 60 . 6 4 . 4 
17333 Panama 60 . 0 4 . sNS 
17337 Panama 62 . 5 4 . 7NS 
17343 Panama 54 . 1 5 . 1NS 
17338 Panama 61. 9 5.1NS 
17740 Taiwan 52 . 5 5.1NS 
17137 Panama 50.0 5.3NS 
17345 Panama 51.5 5 . 4NS 
17350 Panama 52 . 6 5.4NS 
17352 Panama 46 . 7 s.sNs 
116-5 Costa Rica (MIP) 47 . 4 5.6NS 
xPercent of plants with Dls3 mean= 17, SO = 16, and LSD0.05 = 25.7. 
Yoisease index. Resistant classes based on disease index (01) : very resistant = 01 of o to 3, 
moderately resistant = 01 of 3.1 to 5, slightly resistant = 01 of 5.1 to 6, susceptible = 01 of 6.1 to 7, 
and very susceptible= 01 of 7.1 to 9. Data are means of 3 replications. 01 mean= 7.7, SD = 1.1, 
cv = 14.5% and Lso0.05 = 1.8. 
zAverage of 2 replications. LSD .05 for percent plants = 28.7 for comparisons of means from 3 
vs. 2 replications, and 31.5 for 2 vs. ~ replications. LSDo.os for average Dl = 2.0 for comparisons of 
means from 3 vs. 2 replications, and 2.2 for 2 vs. 2 replications. 
NSNonsignificant. 
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Table 11. (continued) 
STRAIN UW-256 
Percent 
of plants Av~ 
Pl/cv. Origin Dls3X 01 
17340 Panama 51.4 5.7NS 
17335 Panama 44.1 5 . 7NS 
116-4 Costa Rica (MIP) 41.7 5 _9NS 
17362 USA 45 . 7 5 _9NS 
17734 Taiwan 47 . 5 5 _9NS 
17353 Panama 41.2 5 _9NS 
5582z Peru 25 . 0 6.oNS 
5539 Peru 36.7 6.oNS 
117-21 Costa Rica (MIP) 35.3 6.1NS 
17330 Panama 39.5 6 . 1NS 
17742 Panama 43.2 6.2NS 
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A similar frequency of plant introduction accessions with some degree of 
resistance (18 PI's, 1 0.5%) was found in a preliminary test using 171 accessions of 
the CATIE collection (Stolberg et al., 1986). 
Using the Dl's, the most resistant PI accessions were selected and arranged 
in Table 11. Only one PI ranked as very resistant (MIP-CH1) was found (DI = 3). 
From the selected materials, 4 accessions are ranked as moderately resistant (DI 
of 3.1 to 4.7), 16 as slightly resistant (DI of 5.1 to 5.9), and 3 as susceptible (DI of 
6.1 to 6.2). 
The percentage of plants with Dl~3 ranged from 25 to 73.9% for the 
selected accessions. 'UC-82B' was ranked as susceptible (DI=7) for this strain. 
However, 24.1% of the tested plants had a Dl ~ 3 (Table A3) . The commercial 
cultivars (controls) Venus, and Saturn which were ranked as susceptible and 
Rotam 4 which was ranked as very susceptible to strain UW-25, were classified as 
moderately resistant to strain UW-256. 'Hawaii 7998' exhibited a mean Dl of 4.4, 
showing resistance to the strains of biovar 1 evaluated. No significant differences 
were observed when 'Hawaii 7998' was compared to accessions with the lowest 
Dl. Infectivity titration (Bowman and Sequeira, 1982), or the extent of bacterial 
colonization (Grimault and Prior, 1993), could be used to classify the degree of 
resistance in these materials. With the exception of the PI's CATIE 5539, 5582, 
7994, 17137, and 17353, the PI's and commercial cultivars (controls) with the 
lowest mean Dl have been previously reported to possess resistance in field 
evaluations using artificial or natural BW soil infection (Bosch et al., 1990; CATIE, 
1992a; De-Leon, 1987; Henderson and Jenkins, 1977; Rouamba et al., 1988; 
Stolberg et al., 1986). Thirteen (54.2%) of the best 24 accessions were developed 
by the IDIAP Tomato Breeding Program in Panama, and have at least one 
common parent (CATIE, 1992b; De-Leon, 1987). PI's CATIE 17333, 17334, 17335, 
17337, 17338, 17340, and 17740 are F5 derived lines selected from a four-parent 
population formed from the double cross (CL 114-5-5-0-0 x 1-12) x (LPF x 1-12). 
PI's CATIE 17343, 17345, and 17352 (selection no. 13 1119), are F5 derived lines 
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selected from a two-parent population formed from the single cross ( 19L x 1-12). 
PI CATIE 17330 is a F S derived line selected from the double cross (CL 114-S-S-0-
0 x 1-12) x (19L x 1-12). Both PI CATIE 173SO and 17362 are reported as 
selections 41 E 3-1 and CVFS, respectively (CATIE, 1992b) (Table AS). Four 
accessions are lines selected for resistance to P. solanacearum by the Integrated 
Pest Management Project (MIP), CATIE. They are PI's MIP CH-1, 116-4, 116-S, and 
117-21. PI's CATIE 17734 and 17742, correspond to the AVRDC lines CL 1131-0-
0-43-8-1 (selection EEFB no. 12), and CL S91S-233 03-3-2-0 (selection EEFB no. 
23), which were selected in Costa Rica for their resistance to bacterial wilt under 
field conditions (Table AS). From the other accessions, only PI's CATIE 7994 from 
Mexico, SS39 from Peru (selection of 'Bonny Best'), and SS82 from Peru 
('Manzano', 'Duro- virus'), have not been reported as resistant to BW before 
(CATIE,1992b). It is important to determine if these materials possess different 
sources of resistance. 
Evaluation for Resistance to Strains UW-255 and UW-130 (race 1, biovar 3). 
Two hundred thirty three plant introduction accessions, 13 from the 
Integrated Pest Management Project (MIP), CATIE, 220 from the Genetic 
Resources Unit, CATIE, and 7 cultivars (controls) were evaluated for resistance to 
P. solanacearum strains UW-2SS and UW-130 (race 1, biovar 3). Summarized data 
are contained in Table A4. In this Table the identity of each plant introduction 
accession, total number of plants evaluated, percentage of plants with a Dls3, and 
an average 01 of the PI's and control cultivars tested is presented. The overall 
mean, standard deviation (SO), and the least significant difference at S% level of 
significance (LSD0.05) for 01 and percent plants with Dl s 3 are also provided. 
Evaluation for resistance to strain UW-130 (race 1, biovar 3) 
Highly significant differences for Dl among accessions were obtained (Table 
9). No immunity toP. solanacearum strain UW-130 was observed. However, 
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resistance to this particular strain was more common than expected. Forty nine 
(21 %), of the plant introduction accessions and 3 commercial control cultivars were 
found to possess some degree of resistance (Table 12). Eight accessions were 
classified as very resistant (01 between 1 . 7 to 3), 36 as moderately resistant (01 of 
3.1 to 5), and 5 as slightly resistant (01 of 5.1 to 6). The average 01 for all the 
materials evaluated was 7.8, and the overall percentage of plants with a 01~3 was 
16.3. 
The most resistant materials were ranked in ascending order by their 01 and 
presented in Table 12. The percentage of plants with a 01~3 was consistently high 
within the selected resistant materials (37.1 to 93.3%). These data indicate that 
both the frequency and degree of resistance were high. 
Both 'Venus' and 'Saturn', Ol's of 8.6 and 8.9 respectively, were selected for 
resistance to biovar 1 in North Carolina. They were found moderately resistant to 
strains UW-256 (Table 11), but susceptible to strain UW-130. This test confirms 
that resistance to biovar 1 does not confirm resistance to biovar 3. In contrast, 
Rotam 4 and Rodade are fresh marked cultivars developed in South Africa for 
resistance toP. solanacearum biovar 3 (Bosch et al., 1990; Bosch et al., 1985). In 
the present study both cultivars showed resistance to strain UW-130 (biovar 3). 
'Rotam 4' exhibited the lowest mean 01 of 1.7, and the highest percentage of 
plants with 01~3 (93.3%) when challenged with BW strain UW-130. 'Rotam 4' (01 
of 1.7) was significantly more resistant than 'Rodade', 01 of 5.4 (Table 12). 
'Hawaii 7998' was also resistant to strain UW-130, 01 of 2.5. This finding 
agrees with Monma and Sakata (1990) who used 'Hawaii 7998' as a resistant 
control in their evaluations of tomato material for resistance to P. solanacearum. 
When the Ol's of the most resistant accessions were compared with 'Hawaii 7998', 
significant differences were found (Table 12) creating 3 resistant groups. In the 
first group 'Hawaii 7998' did not differ significantly from 'Rotam 4' and from another 
27 plant introduction accessions. In the second group 'Hawaii 7998' differed at the 
5% level of significance from 6 accessions. Finally, in the third group 'Hawaii 7998' 
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Table 12. Resistance of Central American plant introduction accessions to 
Pseudomonas so/anacearum strain UW-130 (race 1, biovar 3) as 
compared to Hawaii 7998. 
Percent 
of plants Av~ 
Pl/cv. Origin Dls3x Dl 
Rotam 4 South Africa 93 . 3 1 . 7NS 
17329 Panama 88 . 6 2 . 4NS 
Hawaii 7998 USA 88.6 2 . 5 
14667 Guadeloupe 92 . 6 2 . 5NS 
17349 Panama 85 . 3 2 . 6NS 
17354 Panama 77 . 8 2 . 7NS 
17742 Tai wan 86 . 2 2 . 7NS 
17734 Taiwan 85.3 2 . 7NS 
17352 Panama 82 . 1 2 . 8NS 
17347 Panama 87 . 5 2 . 9NS 
17346 Panama 78 . 1 3 . 1NS 
17137 Not stated 78 . 8 3 . 1NS 
Dina-Guayabo Costa Rica (MIP) 71. 0 3 . 3NS 
17740 Taiwan 68.8 3.3NS 
115-1 Costa Rica (MIP) 76.9 3 . 4NS 
17335 Panama 75.8 3 . 6NS 
173452 Panama 71.4 3.6NS 
xPercent of plants with Dls3 mean = 16.3, SO = 14 and LSD0.05 = 22.5. 
Yoisease index. Resistant classes based on disease index (01) : very resistant = Dl of 0 to 3, 
moderately resistant = Dl of 3.1 to 5, slightly resistant = Dl of 5.1 to 6, susceptible = Dl of 6.1 to 7, 
and very susceptible = Dl of 7.1 to 9. Data are average of 3 replications. Dl mean = 7.8, SO = 0.9, 
cv = 12.2, and LSD0.05 = 1.5. 
NS, *, **Nonsignificant or significant at P = 0.05 or 0.01, repectively. 
zAverage of 2 replications. LSD .05 for percent plants = 25.2 for comparisons of means from 3 
vs. 2 replications, and 27.6 for 2 vs ~replications. LSD0.05 for average Dl = 1.7 for comparisons of 
means from 3 vs. 2 replications, and 1.9 for 2 vs. 2 replications. 
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Table 12. (continued) 
STRAIN UW-130 
Percent 
of plants Av~ 
Pl/cv. Origin Dls3X Dl 
17332 Panama 71.9 3 . 6NS 
17331z Panama 77 . 8 3 . 7NS 
17348 Panama 68 . 6 3 . 7NS 
17739 Taiwan 70 . 0 3.7NS 
CH-1 Costa Rica (MIP) 77 . 3 3 . 7NS 
17333 Panama 75 . 0 3 . 8NS 
17338 Panama 78 . 1 3 . 9NS 
17344 Panama 76 . 5 3 . 9NS 
17342 Panama 67.7 3.9NS 
116-E Costa Rica (MIP) 64.9 3 . 9NS 
5539 Peru 62.9 4 . oNS 
116-4 Costa Rica (MIP) 69.0 4 . oNS 
117-21 Costa Rica (MIP) 70 . 4 4 . 0* 
17350 Panama 67 . 7 4.1* 
17351 Panama 68.8 4 . 1* 
17138 Not stated 70.0 4.2* 
116-5 Costa Rica (MIP) 62 . 5 4.3* 
17353 Panama 63.6 4 . 3* 
17340 Panama 69 . 7 4 . 5* 
17737 Taiwan 58.3 4 . 5** 
17343 Panama 59 . 4 4.5** 
MIP -14667 Costa Rica (MIP) 64 . 3 4 . 5** 
17735 Taiwan 63 . 6 4 . 5** 
17741 Taiwan 58 . 1 4.6** 
17337 Panama 52 . 9 4 . 7** 
17334z Panama 66.7 4 . 9** 
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Table 12. (continued) 
STRAIN UW-130 
Percent 
of plants Av~ 
Pl/cv. Origin Dls3x 01 
17336 Panama 55.6 4.9** 
116-15 Costa Rica (MIP) 60.7 5.0** 
Tropic-3 Costa Rica (MIP) 60 . 7 5 . 0** 
17330 Panama 55.9 5 . 1** 
117-23 Costa Rica (MIP) 50.0 5 . 3** 
Rodade South Africa 40.6 5 . 4** 
17341 Panama 42.9 5.7** 
17249 Panama 40.0 5.8** 
9033 Philippines 37.1 6.0** 
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differed from 16 accessions, and from 'Rodade' at the 1% level. 
Most of the 49 resistant plant introduction accessions or cultivars have been 
previously reported as resistant to bacterial wilt (CATIE, 1992a; Denoyes et al., 
1989; Meneses et al., 1990; Stolberg et al., 1986). Twenty six (53.1 %) of these 
accessions were developed in Panama for the IDIAP Tomato Breeding Program 
and have common sources of resistance (Table AS). Eleven (21.2%) are lines 
selected from the Integrated Pest Management Project (MIP), CATIE (Table 12), 
and six (12.2%) are AVRDC lines selected for BW resistance in Costa Rica (Table 
AS). 
From the 27 accessions that did not statistically differ from Hawaii 7998, 
thirteen are from the Panamanian Tomato Breeding Program (Table AS). From 
these, nine are lines selected from a two-parent population formed from the single 
cross (19L x 1-12). Two are Fs derived lines selected from a double cross (CL 
114-S-S-0-0 x 1-12) x (LPF x 1-12), and two are F S derived lines selected from the 
double cross (CI 114-S-S-0-0 x 1-12) x (19L x 1-12). All the Panamanian 
accessions have at least one parent in common, and similar sources of resistance 
to BW (CATIE, 1992b; De-Leon, 1987). 
Three other accessions also presented some degree of resistance. They are 
PI's CATIE 9033, SS39 (selection of 'Bonny Best' from Peru), and 14667 
('Caraibo')(CATIE, 1992b). Caraibo was developed as a BW resistant cultivar for 
the INRA, French West Indies, using CRA 66 as a source of resistance (Grimault 
and Prior, 1993). 'Caraibo' was used by Denoyes et al. (1989) as a resistant 
control in an evaluation of resistance to bacterial wilt in Martinique (French West 
Indies). PI CATIE 14667 ('Caraibo') was not significantly different from 'Rotam 4', 
'Hawaii 7998' or 27 other PI's selected in this study (Table 12). These 27 
accessions could posses some resistance to some of French West Indies BW 
strains. 
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Evaluation for resistance to strain UW-255 (race 1, biovar 3) 
Highly significant differences for Dl among accessions were obtained (Table 
9). Neither, the immune interaction phenotype (DI = 0), nor very resistant 
accessions were observed (Table A4). Dl's ranged from 3.2 to 9.0, suggesting that 
strain UW-255 was more virulent than strain UW-130. The overall Dl was 8.2, and 
the average percentage of plants with a 01~3 was 10 (Table A4). 
Thirty two plant introduction accessions (13.7 %), and 3 cultivars (controls) 
were found with some degree of resistance (Table 13). Strain UW-255 was isolate 
from Eupatorium odoratum in Costa Rica (Cook et al., 1989). A similar frequency 
of resistant accessions (1 0.5%) has been observed in a preliminary screening for 
resistance to P. solanacearum conducted in Costa Rica, using 171 plant 
introduction accessions of the tomato CATIE's collection (Stolberg, 1986). 
With the exception of PI CATIE 5539 ('Rosssoi-H-2'), all the other selected 
accessions were developed in breeding programs selecting for resistance to P. 
solanacearum. From these, sixteen are lines developed for the Panamanian 
Tomato Breeding Program, 9 are lines selected for the Integrated Pest 
Management Project (MIP/CATIE), 4 are AVRDC lines selected in Costa Rica 
(CATIE, 1992b), and PI CATIE 14667 ('Caraibo') was developed as a resistant 
cultivar by the INRA, French West Indies (Denoyes et al., 1989; Grimault and Prior, 
1993). Both 'Venus' (DI = 9) and 'Saturn' (DI = 9) were ranked as very 
susceptible. All the plants were dead when evaluated 20 days post inoculation. 
On the other hand, both 'Rotam 4' and 'Rodade' possessed moderate resistance 
to P. solanacearum strain UW-255, with no significative differences between then. 
The same than with the other strains tested in the research, 'Hawaii 7998' was 
resistant again to strain UW-255, and was ranked as one of the best materials in 
this evaluation. When the Dl's of the 35 most resistant accessions were ranked 
and compared with 'Hawaii 7998', two resistant groups emerged. In the first group 
no significant differences were observed between 'Hawaii 7998' and other 22 
accessions, including 'Rotam 4' and 'Rodade'. In the second group, significant 
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Table 13. Resistance of Central American plant introduction accessions to 
Pseudomonas solanacearum strain UW-255 (race 1, biovar 3) as 
compared to Hawaii 7998 
Percent 
of plants ~; Pl/cv. Origin Dis~ 
Rotam 4z South Africa 74.1 3.2NS 
MIP-14667 Costa Rica (MIP) 68 . 4 3.2NS 
116-E Costa Rica (MIP) 62 . 1 4.oNS 
Rodade South Africa 70.0 4.oNS 
Hawaii 7998 USA 71.4 4.0 
17351 Panama 63.6 4.4NS 
17348 Panama 61.1 4 . 4NS 
17344 Panama 55 . 9 4 . 5NS 
17347 Panama 60 . 6 4 . 6NS 
14667 Guadeloupe 57 . 1 4 . 6NS 
17345 Panama 53 . 6 4.8NS 
5539 Peru 61.3 5.1NS 
116-5 Costa Rica (MIP) 46 . 9 5.1NS 
17332 Panama 54 . 8 5 . 1NS 
17334z Panama 61.9 5.2NS 
17742 Taiwan 45.7 5 . 3NS 
17336 Panama 48.6 5.4NS 
xPercent of plants with Dl s3 mean = 10, SD = 15.1 and LSD0_05 = 24.2. 
Yoisease index. Resistant classes based on disease index (DI): very resistant = Dl of 0 to 3, 
moderately resistant = Dl of 3.1 to 5, slightly resistant = Dl of 5.1 to 6, susceptible = Dl of 6.1 to 7, 
and very susceptible = Dl of 7.1 to 9. Data are average of 3 replications. Dl mean = 8.2, SD = 1, 
cv = 12.6%, and LSD0_05 =1.7. 
2Average of 2 replications. LSD0_05 for percent plants = 27.1 for comparisons of means from 3 
vs. 2 replications, and 29.7 for 2 vs. 2 replications. LSD0_05 for average Dl = 1.9 for comparisons of means from 3 vs. 2 replications, and 2.0 for 2 vs. 2 replications. 
NS, *Nonsignificant or significant at P = 0.05, respectively. 
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Table 13. (continued) 
STRAIN UW-255 
Percent 
of plants Av~ 
Pl/cv. Origin Dls3X Dl 
17341 Panama 51.6 5.4NS 
CH-1 Costa Rica (MIP) 58 . 3 5.4NS 
17349 Panama 42.9 5 . 5Ns 
17333 Panama 45 . 7 5 . 5Ns 
17740 Taiwan 40.0 5 . 6NS 
17331z Panama 52.4 5 . 7NS 
17734 Taiwan 45.5 5.7* 
115-9 Costa Rica (MIP) 51.6 5 . 7* 
116-15 Costa Rica (MIP) 53.9 5 . 8* 
17737 Taiwan 34.3 5 . 8* 
17330 Panama 42.9 5.8* 
17335 Panama 37 . 5 5 . 9* 
115-1 Costa Rica (MIP) 40 . 6 5 . 9* 
117-21 Costa Rica (MIP) 31.8 6.0* 
17137 Not stated 39 . 4 6 . 0* 
116 -4 Costa Rica (MIP) 44 . 8 6 . 1* 
17354 Panama 33 . 3 6 . 1* 
17343 Panama 37 . 1 6 . 1* 
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differences at 5% level of significance were observed among 'Hawaii 7998' and 12 
accessions (Table 13). 
Eleven of the accessions that did not statistically differ from the resistant line 
Hawaii 7998 were from the Panamanian Tomato Breeding Program, four were lines 
selected for the Integrated Pest Management Project (MIP/CATIE), 3 were AVRDC 
lines selected in Costa Rica for resistance to bacterial wilt, and 2 were the cultivars, 
Caraibo (CATIE 14667) and Rossoi-H-2 (CATIE 5539). All the Panamanian lines 
have at least one parent in common, and similar sources of resistance were used 
in their development (Table AS). Six of the Panamanian accessions are lines 
selected from a two parent-population formed from the single cross (19L x 1-12). 
Four were F 5 derived lines selected from the double cross (CL 114-5-5-0-0 x 1-12) 
x (LPF x 1-12), and the last one (CATIE 17332) is another F5 derived line from the 
double cross (CL 114-5-5-0-0 x 1-12) x (19L x 1-12) (CATIE, 1992b). 
A comparison of resistance for the four strains of bacterial witt evaluated 
A summary of the evaluations for resistance to P. solanacearum strains UW-
25, UW-256, UW-130, and UW-255 is contained in Table 14. 
The results reported here show that a number of tomato accessions of the 
Central American tomato collection maintained at CATIE, Costa Rica, posses 
resistance to Pseudomonas so/anacearum strains UW-25, UW-256, UW-255, and 
UW-130. Differences in the degree of resistance within bacterial wilt strains were 
observed for all the materials tested. This finding suggests that before these or 
other sources of resistance are used in a breeding program, they should be 
carefully screened for resistance to the specific strains prevalent in the region of 
interest. 
No tomato accession or cultivar evaluated was immune to bacterial wilt (01 = 
0) . This finding is in agreement with Grimault and Prior (1993) who reported that 
all tomato materials used in their research were invaded by P. solanacearum, 
regardless of their degree of resistance. 
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Table 14. Resistance of Central American plant introduction accessions to 
Pseudomonas so/anacearum strains UW-25, UW-256 (race 1, biovar 1), 
UW-130 and UW-255 (race 1, biovar 3). 
Biovar 1 Bi ovar 3 
Strain Strain Strain Strain 
uw- 25t UW-256 UW - 130 UW-255 
PI/cv . Originu Avg Div Avg Diw Avg Dix Avg DIY I ndex 
CONTROLS 
Rotam 4 SA 7 . 2 3.7 1.7 3 . 2 15 . 8 
Hawaii 
7998 USA 5 . 2 4 . 4 2 . 5 4 . 0 16 . 1 
Rodade SA 7 . 9 7 . 0 5 . 4 4.0 24 . 3 
Venus USA 7 . 0 3 . 9 8 . 6 9 . 0 28 . 6 
Saturn USA 6 . 9 4.3 8 . 9 9 . 0 29 . 1 
UC-82B USA 5 . 5 7.0 9 . 0 9 . 0 30 . 6 
Stephens USA 8 . 9 8 . 8 9 . 0 9 . 0 35.8 
toifferent statistical analysis were used with each bacterial wilt strain. Direct comparison among 
accessions tested for different strains is not possible. 
ucR =Costa Rica, GO= Guadeloupe, NS =not stated, MEX = Mexico, PA =Panama, PE = 
Peru, PI = Philippines, SA = South Africa, TW = Taiwan, USA = The United States of America. 
vDisease index. Resistant classes based on disease index (01): very resistant = Dl of 0 to 3, 
moderately resistant = Dl of 3.1 to 5, slightly resistant = Dl of 5.1 to 6, susceptible = Dl of 6.1 to 7, 
and very susceptible = Dl of 7.1 to 9. Data are means of 3 replications for all entries, except when 
it is indicated. Dl mean for strain UW-25 = 8.1, SO= 0.8, CV = 10.2%, and LSD0.05 =1 .3. 
wDI mean for strain UW-256 = 7.7, so= 1.1, CV = 14.5%, and LSD0.05 = 1.8. 
xDI mean for strain UW-130 = 7.8, so= 0.9, cv = 12.2%, and LSD0.05 = 1.5. 
Yo1 mean for strain UW-255 = 8.2, SO= 1, CV = 12.6%, and LSD0.05 = 1.7. 
zAverage of 2 replications. LSD0.05 for strain UW-25 = 1.5 for comparisons of means from 3 vs. 
2 replications, and 1.6 for 2 vs. 2 replications. LSDo.os for strain UW-256 = 2 for comparisons of 
means from 3 vs. 2 replications, and 2.2 for 2 vs. 2 replications. LSDo.os for strain UW-130 = 1. 7 for 
comparisons of means from 3 vs. 2 replications, and 1.9 for 2 vs. 2 replications. LSD0 05 for strain 
UW-255 = 1.9 for comparisons of means from 3 vs. 2 replications, and 2.0 for 2 vs. 2 replications. 
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Table 14. (continued) 
Biovar 1 Biovar 3 
Strain Strain Strain Strain 
uw-25t UW-256 UW-130 UW-255 
PI Originu Avg Div Avg Diw Avg Dix Avg DIY Index 
PI's 
17334 PA 4.oz 4.oz 4.9z 5 . 2z 18 . 1 
CH-1 CR-MIP 7.4 3 . 0 3 . 7 5.4 19.6 
17740 TW 6 . 2 5 . 1 3.3 5.6 20.2 
17349 PA 6 . 2 6.3 2.6 5 . 5 20.5 
17333 PA 6 . 9 4.5 3.8 5 . 5 20 . 6 
17345 PA 7 . 1 5 . 4 3 . 6 4 . 8 20.9 
17734 TW 6 . 7 5 . 9 2.7 5.7 21.0 
17742 TW 7 . 1 6.2 2 . 7 5 . 3 21.3 
17137 NS 6 . 9 5 . 3 3.1 6 . 0 21.4 
17347 PA 6.9 7.2 2 . 9 4.6 21.6 
116-E CR-MIP 7.3 6.5 3.9 4.0 21.7 
5539 PE 6 . 9 6 . 0 4 . 0 5 . 1 21.9 
17344 PA 6.8 6.8 3.9 4 . 5 21.9 
14667 GD 8.0 7.1 2.5 4.6 22.2 
17348 PA 6 . 9 7.3 3.7 4.4 22 . 3 
MIP-14667 CR-MIP 7 . 1 7 . 5 4 . 5 3 . 2z 22.3 
116 - 5 CR-MIP 7.4 5 . 6 4.3 5 . 1 22 . 3 
17335 PA 7 . 4 5.7 3 . 6 5.9 22.6 
17331 PA 6 . 5z 6.8z 3.7z 5 . 7z 22 . 6 
17352 PA 7 . 1 5 . 5 2 . 8 7 . 5 22.9 
17329 PA 7.2 6 . 4 2.4 6.9 22.9 
17337 PA 6.6 4 . 7 4 . 7 7.0 22.9 
17332 PA 7 . 4 6.8 3 . 6 5.1 23.0 
117-21 CR-MIP 7.0 6 . 1 4 . 0 6.0 23 . 1 
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Table 14. (continued) 
Biovar 1 Biovar 3 
Strain Strain Strain Strain 
uw-25t W-256 W-130 W-255 
PI Originu Avg Div Avg Diw Avg Dix Avg DIY Index 
116-4 CR-MIP 7.4 5.9 4.0 6 . 1 23.3 
Dina-G. CR-MIP 6 . 9 6 . 9 3.3 6.3 23 . 3 
17343 PA 7.7 5 . 1 4 . 5 6.1 23 . 4 
17338 PA 8.2 5.1 3.9 6 . 5 23 . 6 
17342 PA 7 . 2 6.3 3.9 6 . 3 23 . 6 
17330 PA 6 . 7 6 . 1 5 . 1 5.8 23.8 
17351 PA 7 . 2 8.1 4.1 4.4 23.8 
17739 Til 6.4 7 . 3 3 . 7 6.5 23 . 8 
17353 PA 6.8 5 . 9 4 . 3 6.8 23.9 
17336 PA 7 . 5 6 . 4 4 . 9 5 . 4 24.2 
17354 PA 8.1 7 . 6 2 . 7 6.1 24 . 5 
17350 PA 8 . 1 5.4 4 . 1 7 . 0 24 . 6 
17340 PA 7 . 9 5 . 7 4 . 5 6.7 24 . 8 
17341 PA 7 . 4 6.4 5.7 5 . 4 24.9 
17737 Til 7.6 7.1 4.5 5.8 25 . 0 
17138 NS 7 . 1 7.0 4 . 2 6 . 7 25.0 
115-1 CR-MIP 8 . 0 7 . 9 3 . 4 5 . 9 25.1 
116-15 CR-MIP 7 . 6 7 . 3 5 . 0 5 . 8 25.6 
117-23 CR-MIP 7 . 3 6.5 5.3 6.7 25 . 7 
17741 Til 7.0 6.8 4 . 6 7 . 4 25 . 9 
17346 PA 8 . 3 7 . 8 3.1 6 . 9 26.0 
Tropic-3 CR-MIP 6 . 6 8 . 6 5.0 6.6 26 . 8 
17735 Til 7.4 6 . 4 4. 5 8 . 8 27 . 2 
115-9 CR-MIP 7 . 8 7.7 6 . 4 5 . 7 27.6 
17249 PA 7 . 9 7 . 5 5 . 8 7 . 7 29 . 0 
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Table 14. (continued) 
Biovar 1 Biovar 3 
Strain Strain Strain Strain 
w-25t UY-256 UVl-130 UY-255 
PI Originu Avg Div Avg Diw Avg Dix Avg DIY Index 
9033 PI 7.7 7 . 2 6 . 0 8 . 1 29.0 
7994 MEX 7 . oz 4 . 2z 9.oz 9 . oz 29 . 2 
5582 PE 8 . oz 6.oz 9 . oz 9 . oz 32 . 0 
17362 USA 8 . 5 5 . 9 9 . 0 9 . 0 32 . 4 
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Bacterial wilt resistance to the four strains was prevalent among the 
Panamanian plant introduction lines tested. Many of these accessions showed a 
mean Dl similar to the best resistant control cultivars. The response of Hawaii 
7998 was of particular interest since it was consistently resistant in all evaluations. 
Most resistant accessions posses some degree of resistance to more than one BW 
strain. The most important is PI CATIE 17334 which was resistant to all four 
strains. PI's CATIE 5539, 17137, 17333, 17335, 17345, 17734, MIP-CH1, and MIP-
116-5 which were resistant to three strains, and PI's CATIE 14667, 17331, 17344, 
17347, 17348, 17349, 17742, and MIP-116-E which possess resistance to two 
strains. Some materials were resistant to only one strain. PI's 17138, 17329, 
17346, and 17354 were resistant to strain UW-130, and PI CATIE 5594, 7994, and 
17362 to strain UW-256. Similarly, the controls 'Venus' and 'Saturn' were resistant 
to strain UW-256, and UC-828 was slightly resistant to strain UW-25. However, it 
should not be assumed that these accessions have specific resistance to only one 
strain, or that these materials could be used as a differential series. Finally, it is 
important to remember that the degrees of resistance assigned to the accessions 
in this study were on the basis of Dl's estimated on tomato seedlings. These 
materials warrant further evaluations at later stages in plant development since 
seedling resistance may not be correlated with BW resistance of old plants. Also, 
comparisons of degree of resistance necessarily need involve field tests. 
Comparison of Resistant Tomato Cultivars as Hybrid Parents 
Seven tomato cultivars and one set of their 21 possible single cross hybrids 
were evaluated for resistance to seven strains of Pseudomonas so/anacearum. 
Different experiments were conducted for each strain. The specific objectives of 
these experiments were to: a) to determine the most resistant tomato cultivars to 
the seven P. solanacearum strains; b) to compare combining abilities of the seven 
tomato cultivars when each were used as a tester to establish the best parental 
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combiners; and c) to identify the most resistant F 1 's for use as hybrid varieties or 
to produce F 2 populations for the breeding and selection of inbred lines. 
The results of each experiment will be presented separately. A summary of 
the results for the seven experiments will be provided and the most BW resistant 
cultivars and/or hybrids will be identified. 
Significant differences were observed among entries (cultivars and F 1 
genotypes) for the four P. solanacearum strains assigned to biovar 1 (Table 15), 
and the three strains assigned to biovar 3 (Table 16). An orthogonal subdivision of 
the sums of squares for entries was made using Gardner and Eberhart's Analysis 
Ill (1966) to test for differences among parents (cultivars), parents versus crosses 
(average heterosis), and crosses (F 1 genotypes). Additional subdivisions of the 
crosses' degree of freedom were conducted to test for general (GCA) and specific 
(SCA) combining ability effects. A summary of the analysis of variance of the 
seven P. solanacearum strains and their mean squares are presented in Tables 15 
and 16, for strains belonged to biovars 1 and 3, respectively. Mean parental and 
cross Dl estimates, variety (vi), GCA, and SCA effects are shown separately. 
Analysis of a seven parent half diallel for resistance toP. so/anacearom strain UW-
25 (race 1, biovar 1) 
Parent and F 1 genotypes (crosses) mean squares were significant (Table 15). 
Mean disease index estimates are shown in Table 17. Only weak resistance was 
observed among the tomato cultivars and their crosses to this strain. 'Hawaii 7998' 
was moderately resistant while 'Rotam 4' and 'UC-828' were both susceptible. The 
other materials, 'Stephens', 'Venus', 'Saturn' and 'Rodade', were found to be very 
susceptible. Comparable degrees of susceptibility were found among their F 1 
crosses. A similar response to this P. solanacearum strain was observed in the 
evaluation of the Central American tomato plant introduction collection (CATIE) 
reported previously. 
Table 15. Analysis of variance for resistance to Pseudomonas solanacearum, strains UW-25, UW-258, UW-
256 and UW-275 (race 1, biovar 1) in seven tomato cultivars and one set of their 21 possible single 
crosses. 
Mean square 
Source of variance df Strain UW-25 Strain UW-258 Strain UW-256 Strain UW-275 
Replications 3 28.13*** 7.68*** 31.54*** 2.74NS 
Entries 27 4.46*** 8.60*** 10.82*** 32.44*** 
Parents 6 6.49*** 15.39*** 16.55*** 39.21*** 
Parents vs. Crosses 1 1. 35NS 16.49*** 5 . 62NS 46.16*** 
Crosses 20 4.01*** 6.17*** 9.36*** 29.72*** 
GCAz 6 11 . 36*** 12.35*** 27 . 04*** 82.49*** 
SCAz 14 0.86NS 3.52*** 1. 78NS 7 .11*** 
Error 81 1.02 0.57 1.49 1. 99 
cv (%) 14.02 28.27 20.97 30.71 
NS, ***Nonsignificant or significant at P = 0.001, respectively. 
zGCA and SCA refer to general and specific combining ability, respectively. 
(11 ...... 
Table 16. Analysis of variance for resistance to Pseudomonas solanacearum, strains UW-255, UW-130 and 
UW-8 (race 1, biovar 3) in seven tomato parents and their 21 possible single crosses. 
Source of variance df Strain UW'-255 
Replications 3 47 . 76*** 
Entries 27 20.31*** 
Parents 6 35.23*** 
Parents vs . Crosses 1 1. 01 NS 
Crosses 20 16.80*** 
GCAz 6 42.94*** 
SCAz 14 5.60** 
Error 81 2 . 08 
cv (%) 22.52 
NS, **, ***Nonsignificant or significant at P = 0.01 or 0.001, respectively. 
zGCA and SCA refer to general and specific combining ability, respectively. 
Mean square 
Strain UW'-130 Strain UW'-8 
7 . 98*** 48.14*** 
37.12*** 30.30*** 










Table 17. Half diallel mean disease index estimates. Parental values on the top 
diagonal, F 1 means as noted for Pseudomonas solanacearum strain 
UW-25 (race 1, biovar 1). 
Hawaii 
Parents UC-82B Stephens Venus Saturn Rodade Rotam 4 7998 
UC-82B 6.7Y 
Steph. 8.2 8.6 
Venus 6.6 7.9 8.1 
Saturn 6.2 8.2 6.8 8.1 
Rodade 8.0 8.8 7.3 7.3 8 . 5 
Rotam 4 7.6 8 . 2 7.3 6.8 7 . 9 6.9 
Hawaii 7998 7.2 7.2 5.1 5 . 1 6.9 5.7 5.0 
Cross x 7 . 3z 8.1 6.8 6.7 7.7 7.2 6.2 
Yoisease index. Resistant classes based on disease index (DI): very resistant = Dl of 0 to 3, 
moderately resistant = Dl of 3. 1 to 5, slightly resistant = Dl of 5.1 to 6, susceptible = Dl of 6.1 to 
7, and very susceptible = Dl of 7.1 to 9. Data are means of 4 replications. SE = 0.72. LSD0 05 = 1.42, and LSD0_01 = 1.89 for comparisons among parent means, among means of crosses· with 
different parents, and means of crosses with a common parent. 
zMeans of crosses with a common parent. SE = 0.29. LSD0_05 = 0.58, and LSD0_01 = 0.77. 
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There were no significant differences for the interaction of parents vs. 
crosses. As expected, significant differences were observed for general combining 
ability (GCA), but not for specific combining ability (SCA) (Table 15). GCA and 
SCA are often used as measures of additive and nonadditive effects, respectively. 
Additionally, it has been pointed out that the mean square for parents vs. crosses 
reflects average heterosis, which is attributable to nonadditive genetic effects 
(Gardner and Eberhart, 1986). Sokol and Baker (1977) reported that additive and 
epistatic gene action always contribute to GCA in self-pollinating crops, and that 
dominant gene action contributes only when gene frequencies are different than 
0.5. Similarly, when gene frequencies do not equal 0.5, average heterosis 
depends on additive x dominance as well as dominance and dominance x 
dominance interactions. Moreover, they indicated that dominant and dominant x 
dominant epistatic gene action always contributes to average heterosis, but 
conversely, additive and additive x additive epistatic gene action never contributes 
to average heterosis. 
A small value, -0.2, was found for average heterosis, which is in agreement 
with the observation of no significant differences for parents vs. crosses (average 
heterosis test). Thus, the significant GCA and the nonsignificant SCA and parents 
vs. crosses suggests the predominance of additive gene action in determining the 
expression of resistance toP. solanacearum strain UW-25 in the tomato cultivars 
evaluated. 
GCA effects for resistance to P. solanacearum strain UW-25 are presented in 
Table 18. Negative values indicate a contribution toward resistance, while positive 
values represent the opposite. The parents 'Hawaii 7998', 'Saturn' and 'Venus' had 
the more negative GCA effects while the susceptible parent, 'Stephens', had a 
higher positive GCA effect value. In spite of the differences in values, there were 
no significant differences for GCA effects between 'Venus', 'Saturn' and 'Rotam 4'. 
Variety effects (vi) were estimated for the seven parents evaluated (Table 18). 
The parents 'Hawaii 7998', 'UC-828' and 'Rotam 4' showed the most negative 
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Table 18. Variety (vi), and general combining ability (GCA) effects for resistance to 








Rotam 4 O.ll 
Hawaii 7998 -1.15*** 
JJc - Mean of all single 
crosses 7.2 
1-'v - Mean of all parents 












*, **, ***Significantly different from zero at the 5%, 1% and 0.1% level, respectively. 
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values while the susceptible parent, 'Stephens', had the highest positive value. The 
variety effect (vi) measures the difference between the value of a particular parent 
and the mean of all the parents (Gardner and Eberhart, 1966). According to Sokol 
and Baker (1977) variety effects in self-pollinating crops depend only on additive 
and additive x additive epistatic gene action. Baker (1978) indicated that if specific 
combining ability is not significant, the performance of a single-cross progeny can 
be predicted on the basis of GCA. The cross between the two parents having the 
highest negative general combining abilities is expected to produce the best 
performing progeny. Similarly, Gardner and Eberhart (1966) suggested that if 
mean square for SCA is not significant the best choice would be to select the 
parents with the largest negative variety effect (vi). Assuming Baker (1978) and 
Gardner and Eberhart (1966) are correct then the crosses that could produce the 
best combinations for resistance toP. solanacearum strain UW-25 are 'Rotam 4' x 
'Venus' or 'Rotam 4' x 'Saturn' for fresh-market tomatoes, and 'Venus' or 'Saturn' 
x 'UC-82B' for processing tomatoes. All of these cultivars posses good 
commercial characteristics. Hybrid plants (F 1) representing all the 21 possible 
crosses were grown under greenhouse conditions during the spring of 1993. It 
was observed that crosses with 'Hawaii 7998' contain some undesirable 
characteristics. Fruit size was small, 53 g on average, for crosses between 'Hawaii 
7998' and the fresh-market cultivars, and even smaller, 38 g, for the cross, 'Hawaii 
7898' with the processing tomato cultivar UC-82B. In addition to small fruit size, 
crosses containing 'Hawaii 7998' exhibited an indeterminate growth habit and 
profuse branching. Thus the probability to obtain superior progenies with no major 
weaknesses is greater if the line Hawaii 7998 is not used as a parent. 
Analysis of a seven parent half diallel for resistance toP. solanacearom strain UW-
258 (race 1, biovar 1) 
Diallel analysis showed significant differences exist among parents, parents 
vs. crosses, and crosses (F 1 genotypes). The GCA and SCA were also significant 
57 
(Table 15). The significance of the contrast, parents vs. crosses (average heterosis 
test), and SCA suggested the presence of nonadditive genetic effects within F 1 
crosses (Sokol and Baker, 1977). Sprague and Tatum (1942) and Bhullar et al. 
(1979) have pointed out that a large GCA and small SCA suggests the 
predominance of additive gene effects in the genetic control of the trait under 
study. A large SCA indicates the presence of dominant and/or epistatic gene 
effects. It must however be taken into account that GCA in self-pollinating crops 
includes effects due to additive, epistatic, and, when gene frequencies are different 
to 0.5, dominance gene action (Sokol and Baker, 1977). In this study, the GCA 
was considerably larger than the SCA (Table 15) suggesting that additive gene 
effects may be more important than nonadditive effects in determining the 
expression of resistance to BW strain UW-258. 
Mean disease index for resistance to strain UW-258 are shown in Table 19. 
Good levels of resistance were observed among all the parents and their 
progenies. The parents 'Venus', 'Saturn', 'Rotam 4', and 'Hawaii 7998' were similar 
in performance and ranked as very resistant. Both 'UC-82B' and 'Rodade' were 
ranked as moderately resistant. Nonsignificant differences were found between 
these two materials, but both were less resistant than the parents listed above. 
Crosses between 'Venus', 'Saturn', 'Rotam 4', and 'Hawaii 7998' posses the lowest 
mean Dl's and were ranked as very resistant in all cases (Table 18). 
Variety (vi), GCA, and SCA effects for resistance toP. solanacearum strain 
UW-258 are presented in Table 20. The susceptible parent, 'Stephens', exhibited 
the highest positive values for GCA and vi effects. 'Rotam 4', 'Venus', 'Saturn', and 
'Hawaii 7998' showed negative GCA, and vi effects. No differences were observed 
among the GCA effects of these cultivars. 'Rotam 4', 'Venus', and 'Saturn' had 
better quality characteristics than 'Hawaii 7998'. Crosses between these cultivars 
are expected to present the better combinations for resistance to strain UW-258 
and good performance for other important traits. However, positive SCA effects 
were observed for the combinations 'Rotam 4' x 'Venus' and 'Rotam 4' x 'Saturn'. 
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Table 19. Half diallel mean disease index estimates. Parental values on the top 
diagonal, F 1 means as noted for Pseudomonas solanacearum strain 
UW-258 (race 1, biovar 1 ). 
Hawaii 
Parents UC-82B Stephens Venus Saturn Rodade Rotam 4 7998 
UC - 82B 3.7Y 
Stephens 6.0 7 . 1 
Venus 2 . 0 2.1 2.2 
Saturn 1.8 2 . 2 2 . 1 2.1 
Rodade 4.1 5.7 2 . 3 2 . 2 4 . 6 
Rotam 4 1.8 2.1 1.5 2 . 1 1.7 1.6 
Hawaii 7998 2.0 2 . 6 1.7 1.7 2 . 3 1.8 2.1 
Cross x 2.9z 3 . 4 1.9 2 . 0 3 . 0 1.8 2 . 0 
Yoisease index. Resistant classes based on disease index (01): very resistant = OJ of 0 to 3, 
moderately resistant = 01 of 3.1 to 5, slightly resistant = 01 of 5. 1 to 6, susceptible = 01 of 6.1 to 
7, and very susceptible = 01 of 7.1 to 9. Data are means of 4 replications. SE = 0.54. LSD0 05 
= 1.07, and LSD0.01 = 1.41 for comparisons among parent means, among means of crosses" with 
different parents, and means of crosses with a common parent. 
zMeans of crosses with a common parent. SE = 0.22. LSDo.os = 0.44, LSD0.01 = 0.58. 
Table 20. Variety (vi), general and specific combining ability (GCA and SCA) effects for resistance to 
Pseudomonas solanacearum strain UW-258 (race 1, biovar 1) estimated for seven tomato cultivars 




Parents UC-82B Stephens Venus Saturn Rodade Rotam 4 effec.Y vi 
UC-82B 0.57*** 0.3 
Stephens 1.81*** 1.18*** 3.8 
Venus -0.44z -0.94** -0.64*** -1.1 
Saturn -0.66* -0.93** 0.76* -0.53** -1.2 
Rodade 0 . 34 1. 37*** -0.24 -0.45 0.68*** 1.2 
Rotam 4 -0.51 -0.81* 0.46 0.95** -0.69* -0.74*** -1.7 
Hawaii 7998 -0.54 -0.50 0.41 0 . 34 -0 . 33 0.61 -0.53** -1.2 
Pc = Mean of all single crosses 2.5 
Pv = Mean of all parents 3.3 
YsE = 0.24. LSDo.os = 0.48, and LSD0.01 = 0.63 for (gi - gi). 
zSE(Sij - Sik) = 0.48. LSDo.os = 0.95, and LSD0.01 = 1.26 for (Sij - Sik). SE(Sij - Ski) = 0.42. LSDO.OS = 0.83, and LSD0.01 
= 1.09 for (Sij - Sk1). 




This suggests that these cultivars could possess similar genes for resistance toP. 
solanacearum strain UW-258. Several other combinations showed negative SCA 
values (Table 20), indicating that nonadditive effects may contribute to the 
resistance to P. solanacearum strain UW-258 in those hybrid combinations. The 
significance of the contrast parents vs. crosses (average heterosis test), and the 
estimated value of -0.8 for average heterosis suggest that nonadditive effects 
contribute to some degree in determining the expression of resistance to strain 
UW-258. 
Analysis of a seven parent half diallel for resistance to P. solanacearom strain UW-
256 (race 1, biovar 1) 
Significant differences for parents and crosses (F 1 genotypes) were observed 
(Table 15). Mean disease index (DI) for resistance to P. solanacearum strain UW-
256 are shown in Table 21. Weak resistance was observed among the seven 
tomato cultivars. 'Hawaii 7998' and 'Rotam 4' were ranked as moderately resistant, 
'Venus' and 'Saturn' as slightly resistant, and 'UC-828', 'Rodade' and 'Stephens' as 
very susceptible. No significant differences were observed among 'Hawaii 7998', 
'Rotam 4', and 'Venus'. The lowest cross x were observed for the progenies 
'Hawaii 7998' and 'Venus', followed for the progenies 'Saturn' and 'Rotam 4'. 
Plants of 'Hawaii 7998' x 'Venus', 'Hawaii 7998' x 'Saturn', and 'Rotam 4' x 'Venus' 
produced better Dl values than might have been expected based on the mid 
parent value for 01. 
No significant difference was observed for parents vs. crosses, or SCA (Table 
15), but significant differences were observed for GCA, indicating that a significant 
portion of the total genetic variance controlling resistance to P. so/anacearum 
strain UW-256 would be additive in nature. Although parents vs. crosses and SCA 
mean squares were not significant, a value of -0.5 was found for average heterosis, 
such a value suggests that nonadditive gene action may be present in some 
hybrid combinations. 
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Table 21. Half diallel mean disease index estimates. Parental values on the top 
diagonal, F 1 means as noted for Pseudomonas solanacearum strain 
UW-256 (race 1, biovar 1). 
Hawaii 
Parents UC-82B Stephens Venus Saturn Rodade Rotam 4 7998 
UC-82B 8 . 1Y 
Stephens 8.4 8.5 
Venus 5 . 5 5 . 0 5 . 1 
Saturn 5.4 7 . 0 4 . 8 5.4 
Rodade 8.1 7.5 5 . 8 5.1 8 . 2 
Rotam 4 6 . 3 7 . 8 3.9 6 . 0 6 . 4 4.5 
Hawaii 7998 5.1 6 . 2 2 . 9 2 . 9 5 . 2 4 . 4 3.6 
Cross x 6.5z 7 . 0 4 . 6 5.2 6 . 3 5 . 8 4 . 4 
Yoisease index. Resistant classes based on disease index (DI): very resistant = Dl of 0 to 3, 
moderately resistant = Dl of 3.1 to 5, slightly resistant = Dl of 5.1 to 6, susceptible = Dl of 6. 1 to 
7, and very susceptible = Dl of 7.1 to 9. Data are means of 4 replications. SE = 0.86. LSD0.05 = 1. 71, and LSD0 01 = 2.27 for comparisons among parent means, among means of crosses with 
different parents, and means of crosses with a common parent. 
zMeans of crosses with a common parent. SE = 0.35. LSD0.05 = 0.70, and LSD0.01 = 0.93. 
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Table 22. Variety (vi), and general combining ability (GCA) effects for resistance to 
Pseudomonas so/anacearum strain UW-256 (race 1, biovar 1). 
Parents 







~c - Mean of all single 
crosses 
~v - Mean of all parents 
GCA 
effectsz 
0 . 92*** 
1.54*** 
-1 . 28*** 
-0.58* 
0.79** 
0 . 11 
-1.51*** 
5.7 












* , **,***Significantly different from zero at the 5%, 1%, and 0.1% level, respectively. 
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GCA and variety (vi) effects are presented in Table 22. The parents 'Hawaii 
7998', 'Venus', 'Saturn', and 'Rotam 4' exhibit lower GCA values. When these four 
parental GCA values were compared, no significant difference was obseNed 
between 'Hawaii 7998' and 'Venus', or 'Saturn' and 'Rotam 4'. However, 'Hawaii 
7998's GCA values were significantly different from those of 'Rotam 4' and 'Saturn'. 
Variety effects (vi) presented a similar pattern. The more negative vi effects were 
associated with the parents 'Hawaii 7998', 'Rotam 4', 'Venus', and 'Saturn'. 
No significant difference was found for SCA. The best performing crosses for 
resistance to BW strain UW-256 would be produced by crossing parents having 
the more negative GCA effects (Baker, 1978), or parents with the more negative 
variety effects (Garner and Eberhart, 1966). Crosses that may produce the best 
combinations for resistance to BW strain UW-256, and possess good quality 
characteristics are 'Rotam 4' x 'Venus', or 'Rotam 4' x 'Saturn'. The cross Rotam 4 
x Venus was ranked as moderately resistant (01 = 3.9) (Table 21 ). 
Analysis of a seven parent half diallel for resistance to P. solanacearum strain UW-
275 (race 1, biovar 1). 
Mean disease index values for resistance to P. solanacearum strain UW-275 
(race 1, biovar 1) are presented in Table 23. Analysis of variance reveled 
significant differences among parents and crosses (Table 15). 'Rotam 4' and 
'Hawaii 7998' were ranked as very resistant, 'Rodade' as moderately resistant, and 
'Venus' as susceptible. 'Stephens', 'UC-828', and 'Saturn' were classified as very 
susceptible (Table 23). No significant differences was obseNed among 'Rotam 4', 
'Hawaii 7998' and 'Rodade'. Similarly, crosses between these 3 parents produced 
the lowest mean Dl's. When the means of crosses with these parents were 
compared, no significant differences were obseNed as well. 
Significant differences were obseNed for parents vs. crosses, GCA, and SCA 
(Table 15). GCA was noticeably larger than the SCA suggesting that additive gene 
action may be more important than nonadditive in determining the expression of 
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Table 23. Half diallel mean disease index estimates. Parental values on the top 
diagonal, F 1 means as noted for Pseudomonas solanacearum strain 
UW-275 (race 1, biovar 1 ). 
Hawaii 
Parents UC-82B Stephens Venus Saturn Rodade Rotam 4 7998 
UC-82B 8.6Y 
Stephens 8.8 9.0 
Venus 8.1 8.0 6.2 
Saturn 7.4 8 . 5 8.7 8.5 
Rodade 3 . 8 4.1 2 . 3 2.8 3.2 
Rotam 4 3.3 3.8 1.9 3.6 1.7 1.5 
Hawaii 7998 2.7 2.3 1.6 2 . 2 1.6 1.6 2.9 
Cross X: 5 . 7z 5.9 5.1 5 . 5 7.7 2.6 2.0 
Yoisease index. Resistant classes based on disease index (DI}: very resistant = Dl of 0 to 3, 
moderately resistant = Dl of 3.1 to 5, slightly resistant = Dl of 5.1 to 6, susceptible = Dl of 6.1 to 
7, and very susceptible = Dl of 7.1 to 9. Data are means of 4 replications. SE = 1.0. LSD0 0 = 1.98, and LSD0.01 = 2.63 for comparisons among parent means, among means of crosses w1~ 
different parents, and means of crosses with a common parent. 
zMeans of crosses with a common parent. SE = 0.41 . LSD0.05 = 0.81, and LSD0.01 = 1.07. 
Table 24. Variety (vi), general, and specific combining ability (GCA and SCA) effects for resistance to 
Pseudomonas solanacearum strain UW-275 (race 1, biovar 1) estimated for seven tomato cultivars 




Parents UC-82B Stephens Venus Saturn Rodade Rotam 4 effec . Y vi 
UC-82B 1.75*** 2.9 
Stephens 0.78z 2.03*** 3.3 
Venus 1.09 0.70 1. 05*** 0.5 
Saturn -0 . 14 0.70 1. 85** 1.56*** 2.8 
Rodade -0.36 -0 . 35 -1.18* -1.17* -1.80*** -2.5 
Rotam 4 -0.76 -0.55 -1. 49* -0 . 31 1 . 18* -1. 90*** -4.2 
Hawaii 7998 -0 . 61 -1. 29* -0.98 -0.92 1. 88** 1. 92** -2.68*** -2.8 
~c = Mean of all single crosses 4.2 
~v = Mean of all parents 5.7 
YsE = 0.45. Lso0_05 = 0.89, and LSD0_01 = 1.18 for (gi- gi). 
zSE(Sij - Sik) = 0.89. LSD0_05 = 1. 77, and LSD0_01 = 2.35 for (Sij - Sik). SE(Sij - Ski) = 0. 77. LSD0_05 = 1.54, and LSD0_01 
= 2.04 for (Sij - sk1). 




resistance toP. so/anacearum strain UW-258. The analysis of variance however, 
indicated that not all the variation can be attributed to additive effects because SCA 
and parents vs. crosses terms were highly significant. 
GCA, variety (vi) and SCA effects are presented in Table 24. The parents 
'Stephens', 'UC-828', 'Saturn' and 'Venus' exhibited the highest positive values for 
GCA and vi effects while 'Hawaii 7998', 'Rotam 4', and 'Rodade' produced 
negative, resistant, GCA and vi effects. No significant differences were found 
among these 3 cultivars for GCA effects, but they were significantly different from 
parents with positive GCA effects. F 1 hybrids that were associated with lower 
SCA, resistance, values were 'Rotam 4' x 'Venus', 'Rodade' x 'Venus', 'Rodade' x 
'Saturn', and 'Rotam 4' x 'UC-828'. These hybrid materials presented a lower Dl 
than the estimated midparent Dl value. Also the average heterosis was -1.5, and 
significant differences for SCA and parents vs. crosses were observed. These 
facts suggest that nonadditive effects play a significant role in determining the 
expression of resistance to P. solanacearum strain UW-275. 
Analysis of a seven parent half diallel for resistance toP. solanacearum strain UW-
255 (race 1, biovar 3) 
The analysis of variance showed significant differences for parents, 
crosses, GCA and SCA. The contrast parents vs. crosses was not significant. 
A -0.3 value for average heterosis support these findings and is similar to values 
found for strain UW-25. These results suggest that additive gene action 
predominantly determines the expression of resistance. GCA was considerable 
larger than SCA (Table 16). This finding support the premise that additive genetic 
effects principally control resistance in this study. Nonetheless, SCA was highly 
significant. An indication that nonadditive genetic effects also contribute to the 
expression of resistance toP. solanacearum strain UW-255. 
Mean disease index values for the seven parents and their 21 crosses are 
presented in Table 25. Only 'Rotam 4' and 'Hawaii_ 7998' showed good resistance 
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Table 25. Half diallel mean disease index estimates. Parental values on the top 
diagonal, F 1 means as noted for Pseudomonas solanacearum strain 
UW-255 (race 1, biovar 3). 
Hawaii 
Parents UC - 82B Stephens Venus Saturn Rodade Rotam 4 7998 
UC-82B 8 . 4Y 
Stephens 9.0 9 . 0 
Venus 9 . 0 9.0 8.9 
Saturn 9.0 9.0 9.0 9.0 
Rodade 7.6 6 . 5 4. 9 6.2 5.3 
Rotam 4 5 . 5 6 . 5 4 . 3 5 . 1 4.1 2 . 5 
Hawaii 7998 6 . 8 5 . 9 3 . 4 3.4 3.5 5.6 2.9 
Cross x 7.8 7 . 6 6 . 6 6 . 9 5.5 5.2 4.8 
Yoisease index. Resistant classes based on disease index (01): very resistant = 01 of 0 to 3, 
moderately resistant = 01 of 3.1 to 5, slightly resistant = 01 of 5.1 to 6, susceptible = 01 of 6.1 to 
7, and very susceptible = 01 of 7.1 to 9. Data are means of 4 replications. SE = 1.02. LSD0 05 = 2.03, and LS00.01 = 2.69 for comparisons among parent means, among means of crosses with 
different parents, and means of crosses with a common parent. 
zMeans of crosses with a common parent. SE = 0.42. LSo0.05 = 0.83, and LS00_01 = 1.1 o. 
Table 26. Variety (vi), general, and specific combining ability (GCA and SCA) effects for resistance to 
Pseudomonas so/anacearum strain UW-255 (race 1, biovar 3) estimated for seven tomato cultivars 




Parents UC-82B Stephens Venus Saturn Rodade Rotam 4 effec.Y vi 
UC-82B 1. 78*** 1.8 
Stephens -0.69 2 1. 56*** 2.4 
Venus 0.56 0.78 0.31 2.4 
Saturn 0.17 0.39 1. 64** 0. 70* 2.4 
Rodade 0.52 -0.35 -0.69 0.17 -1. 04*** -1.3 
Rotam 4 -1.19* -0.05 -0.91 -0.59 0.22 -1.41*** -4.1 
Hawaii 7998 0.62 -0.08 -1. 38* -1. 79** 0.13 2.51*** -1. 90*** -3.7 
~c = Mean of all single crosses 6.3 
~v = Mean of all parents 6.6 
YsE = 0.46. LSD0_05 = 0.91, and LSD0_01 = 1.20. for (gi- gi) 
zsE(Sij - sik) = 0.0.91. LSD0_05 = 1.81, and LSD0_01 = 2.41 for (Sij -Sik). SE(Sij - sk1) = o. 79. LSD0_05 = 1.57, and 
LSD0_01 = 2.08 for (Sij- Sk1). 




to P. solanacearum strain UW-255. Both were ranked as very resistant. 'Rodade' 
was slightly resistant. All other parents were ranked as very susceptible. F 1 
hybrids between the three resistant parents also produced lower Dl values. 
GCA, variety (vi), and SCA effects are presented in Table 26. As expected, 
the parents 'Hawaii 7998', 'Rotam 4' and 'Rodade' produced the most negative 
values for GCA and vi effects. The crosses 'Rotam 4' x 'UC-828', 'Rotam 4' x 
'Venus', 'Rotam 4' x 'Saturn', 'Rotam 4' x 'Stephens', 'Rodade' x 'Venus', and 
'Stephens' x 'UC-828' may produce the best combinations for resistance and 
quality characteristics. It is important to observe that the cross 'Hawaii 7998' x 
'Rotam 4' had the highest positive value for SCA, lower values indicate resistance, 
which suggest that some negative associations among genes could have 
occurred. A similar situation occurred in the diallel analysis for strains UW-258 and 
UW-275. 
Analysis of a seven parent half diallel for resistance to P. solanacearum strains 
UW-130 and UW-8 (race 1, biovar 3) 
The results of the diallel analysis for the experiments with P. so/anacearum 
strains UW-130 and UW-8 (race 1, biovar 3) were very similar and showed the 
same response pattern. For this reason both will be discussed together. 
The analysis of variance revealed significant differences for parents, parents 
vs. crosses, crosses, GCA, and SCA (Table 16). 'Rotam 4', 'Hawaii 7998', and 
'Rodade' were the most resistant materials to the P. solanacearum strains UW-130 
and UW-8 (Tables 27 and 29). No significant differences in the Dl were observed 
among these three cultivars. Their hybrids also possessed lower Dl's. 
GCA's were considerably larger than SCA's for strains UW-130 and UW-8, 
respectively (Table 16). These high GCA values suggest that a significant 
proportion of the genetic contribution toward resistance is due to additive genetic 
effects. Average heterosis values were -1.4 and -1.1 for P. solanacearum strains 
UW-130 and UW-8, respectively. These values and the significance of SCA and 
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Table 27. Half diallel mean disease index estimates. Parental values on the top 
diagonal, F 1 means as noted for Pseudomonas so/anacearum strain 
UW-130 (race 1, biovar 3). 
Hawaii 
Parents UC-82B Stephens Venus Saturn Rodade Rotam 4 7898 
UC-82B 8 . 9Y 
Stephens 8 . 5 9 . 0 
Venus 8.9 9 . 0 8 . 9 
Saturn 8 . 7 9 . 0 9.0 9.0 
Rodade 5 . 7 4 . 3 2 . 8 2 . 7 2 . 8 
Rotam 4 5 . 1 3 . 7 2 . 3 3.3 1. 7 2 . 1 
Hawaii 7998 4 . 4 2 . 5 1.9 2 . 2 2 . 1 1.6 2.1 
Cross x 6 . 9z 6 . 2 5 . 6 5.8 3 . 2 3.0 2 . 5 
Yoisease index. Resistant classes based on disease index (01) : very resistant = Dl of 0 to 3, 
moderately resistant = Dl of 3. 1 to 5, slightly resistant = Dl of 5.1 to 6, susceptible = Dl of 6.1 to 
7, and very susceptible= Dl of 7.1 to 9. Data are means of 4 replications. SE = 0.77. LSD0 05 
= 1.54, and LSD0.01 = 2.04 for comparisons among parent means, among means of crosses· with 
different parents, and means of crosses with a common parent. 
zMeans of crosses with a common parent. SE = 0.32. LSD0.05 = 0.63, and LSD0_01 = 0.83. 
Table 28. Variety (vi), general and specific combining ability (GCA and SCA) effects for resistance to 
Pseudomonas so/anacearum strain UW-130 (race 1, biovar 3) estimated for seven tomato cultivars 




Parents UC-82B Stephens Venus Saturn Rodade Rotarn 4 effec.Y vi 
UC-82B 2.57*** 2.8 
Stephens -0 . 54z 1.73*** 2.9 
Venus 0 . 49 1.44** 1.09*** 2.8 
Saturn 0 . 09 1. 25** 1.89*** 1. 28*** 2.9 
Rodade 0.20 -0.34 -1. 23** -1. 52** -1.82*** -3.4 
Rotam 4 -0.04 -0.62 -1. 39** -0.63 0.92* -2.13*** -4.0 
Hawaii 7998 -0.21 -1. 2** -1. 21** -1. 09* 1. 96*** 1. 76*** -2.73*** -4.0 
~c = Mean of all single crosses 4.7 
~v = Mean of all parents 6.1 
e YsE = 0.35. LSD0_05 = 0.69, LSD0_01 = 0.91 for (gi- 9j). 
zsE(Sij -Sik) = 0.69. LSD0_05 = 1.37, and LSD0_01 = 1.82 for Sij - Sik). SE(Sij -Ski) = 0.60. LSD0_05 = 1.19, and LSD0_01 
= 1.58 for (Sij - Sk1). 
*,**,***Significantly different from zero at the 5%, 1%, and 0.1% level, respectively. 
"""' _._ 
72 
Table 29. Half diallel mean disease index estimates. Parental values on the top 
diagonal, F 1 means as noted for Pseudomonas solanacearum strain 
UW-8 (race 1, biovar 3). 
Hawaii 
Parents UC-82B Stephens Venus Saturn Rodade Rotam 4 7998 
UC-82B 9.0Y 
Stephens 9.0 9.0 
Venus 8.8 8.8 8.7 
Saturn 8.9 8 . 9 9.0 8.6 
Rodade 7.2 6.3 3.2 4.2 4 . 1 
Rotam 4 5 . 3 4.9 2 . 4 3.5 2 . 6 2 . 8 
Hawaii 7998 4.1 3.8 2.6 2 . 9 2 . 9 1.9 2.5 
Cross X: 7.2z 6.9 5 . 8 6.2 4 . 4 3.4 3 . 0 
Yoisease index. Resistant classes based on disease index (DI): very resistant = Dl of 0 to 3, 
moderately resistant = Dl of 3.1 to 5, slightly resistant = Dl of 5.1 to 6, susceptible = Dl of 6.1 to 
7, and very susceptible = Dl of 7.1 to 9. Data are means of 4 replications. SE = 0.81 . LSD0 05 = 1.60, and LSD0 01 = 2.12 for comparisons among parent means, among means of crosses with 
different parents, and means of crosses with a common parent. 
2Means of crosses with a common parent. SE = 0.33. LSD0.05 = 0.65, and LSD0.01 = 0.87. 
Table 30. Variety (vi), general, and specific combining ability (GCA and SCA) effects for resistance to 
Pseudomonas solanacearum strain UW-8 (race 1, biovar 3) of seven tomato cultivars based on 




Parents UC - 82B Stephens Venus Saturn Rodade Rotam 4 effec.Y vi 
UC - 82B 2.32*** 2.6 
Stephens -0.58 2 1. 97*** 2.6 
Venus 0.57 0 . 89 0.62* 2.3 
Saturn 0 .20 0 . 49 1.97*** 1.12*** 2.2 
Rodade 0. 70 0.14 -1 . 64*** -1 . 14 -1.06*** -2.3 
Rot am -0.09 -0.16 -1. 22* -0.69 0 . 57 -2.24*** -3.6 
Hawaii 7998 -0 . 78 -0.78 -0 . 56 - 0 . 83 1. 38** 1. 58** -2.72*** -3.8 
~c = Mean of all single crosses 5.3 
~ = Mean of all parents 6.4 
YsE :;;: 0.36. LSD0.05 :;;: 0.72, and LSD0.01 :;;: 0.95 for (gi- gi). 
zSE(Sij - Sik) :;;: 0. 72. LSD0.05 :;;: 1.43, and LSD0.01 :;;: 1.9 for (Sij - Sik). SE(Sij - Ski) :;;: 0.62. LSD0.05 = 1.24, and LSD0.01 
:;;: 1.65 for (Sij - Sk1). 




parents vs. crosses in both experiments suggest that nonadditive genetic effects 
also contribute to the expression of resistance. 
GCA, variety (vi), and SCA effects are presented in Tables 28 and 30. The 
parents 'Hawaii 7998', 'Rotam 4', and 'Rodade' possessed the most negative, 
resistant, values for GCA and vi effects in both experiments. However, 'Rodade's 
GCA effect was different from 'Rotam 4' for strain UW-130, and significantly 
different from 'Hawaii 7998' for strain UW-8. The crosses 'Rodade' x 'Venus', 
'Rodade' x 'Saturn', 'Rotam 4' x 'UC-828', 'Rotam 4' x 'Venus', and 'Rotam 4' x 
'Saturn' may produce the best combinations for resistance for these two P. 
so/anacearum strains, and possess other important quality characteristics. The 
hybrids 'Rodade' x 'Hawaii 7998' and 'Rotam 4' x 'Hawaii 7998' produced the most 
positive values for SCA, which suggest that they could have similar genes for 
resistance to the P. solanacearum strains UW-130 and UW-8, or that some 
negative associations among genes could have occurred. These crosses are not 
suggested as way to increase resistance to P. solanacearum strains UW-130 and 
UW-8. 
Summary of the diallel analysis of seven tomato cultivars for resistance to four P. 
solanacearum strains assigned to biovar 1, and 3 strains from biovar 3. 
Different diallel analyses were used with each P. solanacearum strain. 
Therefore, direct statistical comparisons among variables between strains is not 
possible. 
Significant GCA values, and GCA's considerably larger than SCA's were 
observed for all diallel analyses (Tables 15 and 16). In general, this finding 
suggests that the additive genetic effects of the seven parents used are much 
more important than the nonadditive effects in determining resistance. SCA and 
parents vs. crosses values were significant in several cases, indicating that 
nonadditive genetic effects were present, and play a role in determining resistance, 
but are expressed less frequently. Since additive .genetic effects appear to be the 
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more frequent component of genetic variability for resistance to the seven P. 
so/anacearum strains, recurrent selection would be appropriate to accumulate 
genes for resistance to these strains. Simultaneously, other breeding methods (e.g. 
pedigree or single seed descendant) may be used to derive resistant lines in a 
breeding program for resistance to this disease. 
A summary of disease index values for resistance to the seven P. 
solanacearum strains evaluated is presented in Table 31. Parents that present a 
higher degree of resistance to the P. solanacearum strains evaluated were 'Hawaii 
7998', and the South African materials 'Rotam 4', and 'Rodade'. As expected, the 
cultivars from North Carolina, 'Saturn' and 'Venus', exhibited resistance to selected 
biovar 1 strains, but were very susceptible to the three strains of biovar 3 used. 
Similarly, 'UC-82B' showed some resistance to two biovar 1 strains. 
Parents were compared separately for each P. so/anacearum strain. 
Statistical differences for resistance (01) were observed between 'Hawaii 7998' and 
'Rotam 4' for strain UW-25. 'Rotam 4' exhibited better resistance than 'Rodade' for 
the P. solanacearum strains UW-25, UW-258, UW-256, and UW-255. 'Venus' 
presented better resistance than 'Saturn' only for strain UW-275. 
GCA effects are presented in Table 32. The parents 'Venus' and 'Saturn' 
showed negative (resistant) GCA effects for biovar 1 strains. 'Saturn' seems 
poorer in combining ability than 'Venus'. When these cultivars were compared 
statistically within each experiment, no significant differences were found between 
them. 'Rotam 4' differed in GCA effects from 'Rodade' only for strain UW-8. The 
best parental combiners would be those that had more negative GCA effects 
(Baker, 1978) and good horticultural characteristics (Fehr, 1987). Using these 
principles of selection the most promising parents in this study would be 'Rotam 4', 
'Venus' and 'Saturn'. Because 'Venus' and 'Saturn' possess similar pedigrees 
(Henderson and Jenkins, 1977), the crosses 'Rotam 4' x 'Venus', and 'Rotam 4' x 
'Saturn' are expected to produce the most horticulturally adapted, bacterial wilt 
resistant progeny. In diallel analyses conducted for the AVRDC in Taiwan (AVRDC, 
Table 31. A summary of disease index for resistance to Pseudomonas solanacearum strains UW-25, UW-
258, UW-256, UW-275 (race 1, biovar 1), and UW-255, UW-130, UW-8 (race 1, biovar 3), estimated 
for seven tomato cultivars. 
Biovar 1 Biovar 3 
Parent UW-25Y UW-258 UW-256 UW-275 UW-255 UW-130 UW-8 
UC-82B 6.7z 3.7 8.1 8.6 8.4 8.9 9.0 
Sthephens 8.6 7.1 8.5 9.0 9.0 9.0 9.0 
Venus 8 .1 2.2 5.1 6 . 2 8.9 8.9 8.7 
Saturn 8.1 2 . 1 5.4 8.5 9.0 9.0 8.6 
Rodade 8 . 5 4.6 8.2 3.2 5.3 2.8 4.1 
Rotam 4 6.9 1.6 4.5 1.5 2.5 2.1 2.8 
Hawaii 7998 5.0 2.1 3.6 2 . 9 2.9 2.1 2.5 
YDifferent statistical analyses were used for each BW strain. Direct statistical comparisons among mean Dl's for different 
strains is not possible. 
zDisease index. Resistant classes based on disease index (DI): very resistant = Dl of 0 to 3, moderately resistant = Dl of 3.1 




Table 32. A summary of general combining ability (GCA) effects for resistance to Pseudomonas 
so/anacearum strains UW-25, UW-258, UW-256, UW-275 (race 1, biovar 1), and UW-255, UW-130, 
UW-8 (race 1, biovar 3), estimated for seven tomato cultivars based on their intercross 
performance. 
Biovar 1 Biovar 3 
Parent UW-25z UW-258 UW-256 UW-275 UW-255 UW-130 UW-8 
UC-82B 0 .15 0.57 0.92 1. 75 1. 78 2.57 2.32 
Sthephens 1.10 1.18 1. 54 2.03 1. 56 1. 73 1. 97 
Venus -0.37 -0.64 -1.28 1.05 0.31 1.09 0.62 
Saturn -0.50 -0.53 -0.58 1. 56 0.70 1. 28 1.12 
Rodade 0.67 0 . 68 0.79 -1.80 -1.04 -1.82 -1.06 
Rotarn 4 0.11 -0.74 0.11 -1.90 -1.41 -2.13 -2 . 24 
Hawaii 7998 -1.15 -0.53 -1.51 -2.68 -1.90 -2.73 -2.72 





1983), the cultivar 'Saturn' was reported to be a better source of 8W resistance 
than another two lines currently used as resistant parents for the AVRDC breeding 
program. The cultivar 'Hawaii 7998' also produced negative GCA effect values for 
resistance to all of the P. solanacearum strains evaluated, but produced hybrids 
with small fruits, indeterminate plant habit and profuse branching. 
Mean disease index for resistance to the seven strains evaluated are 
presented in Table 33. The most resistant 01 combinations are 'Rotam 4' x 
'Venus', and 'Rodade' x 'Rotam 4' for freshmarket lines, and 'Rotam 4' x 'UC-828' 
for processing. Is important to note that these evaluations were conducted using 
tomato seedlings grown under greenhouse conditions. Additional evaluations will 
be required at later stages in plant development to determine whether seedling test 
results can be applied to mature plants. Selected parents and crosses will need to 
be extensively tested under field conditions and in different environments before 
any concrete recommendation can be made. 
SCA estimated effects suggest that 13 of the 21 F 1 hybrids exhibited 
negative SCA effects for resistance to two or more 8W strains (Table 34). The 
hybrids 'Rotam 4' x 'UC-828', 'Rotam 4' x 'Stephens', 'Rotam 4' x 'Venus', 'Rotam 
4' x 'Saturn', 'Rodade' x 'Venus', and 'Rodade' x 'Saturn' showed negative SCA 
effects for most of the seven P. solanacearum strains. These hybrids were 
produced from parents with good, negative, GCA. Progeny may be advanced to 
further generations with the intent of selecting promising genotypes within 
segregating populations. Some of the hybrids with 'Hawaii 7998' also presented 
negative SCA effects for several P. so/anacearum strains. However, some 
undesirable characteristics were observed when these hybrids were grown under 
greenhouse conditions. These hybrids are not recommended. 
There appears to be close agreement between parental 8W resistance and 
their GCA for resistance. Cultivars with high levels of resistance to bacterial wilt 
generally produce offspring with good levels of resistance. Nevertheless, 'Hawaii 
7998' x 'Rodade', 'Hawaii 7998' x 'Rotam 4', 'Rodade' x 'Rotam 4', and 'Venus' x 
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Table 33. A summary of mean disease index for resistance to Pseudomonas 
solanacearum strains UW-25, UW-258, UW-256, UW-275 (race 1, biovar 
1), UW-255, UW-130, UW-8 (race 3, biovar 3) estimated for one set of all 
possible crosses among seven tomato cultivars. 
Biovar 1 Biovar 3 
UW' UW' UW' UW' UW' UW' UW' 
Cross 25Y 258 256 275 255 130 8 
UC-82B x Stephens 8.2z 6 . 0 8.4 8.8 9.0 8 . 5 9 . 0 
UC - 82B x Venus 6 . 6 2.0 5 . 5 8 . 1 9 . 0 8 . 9 8.8 
UC-82B x Saturn 6 . 2 1. 8 5 . 4 7 . 4 9 . 0 8 . 7 8 . 9 
UC-82B x Rodade 8 . 0 4 . 1 8 . 1 3 . 8 7.6 5 . 7 7.2 
UC-82B x Rotam 4 7 . 6 1. 8 6 . 3 3 . 3 5.5 5 . 1 5 . 3 
UC - 82B x Hawaii 7998 7 . 2 2 . 0 5 . 1 2 .7 6 . 8 4 . 4 4 . 1 
Stephens x Venus 7 . 9 2 . 1 5 . 0 8 . 0 9 . 0 9 . 0 8 . 8 
Stephens x Saturn 8 . 2 2 . 2 7 . 0 8 . 5 9 . 0 9.0 8 . 9 
Stephens x Rodade 8 . 8 5.7 7 . 5 4 . 1 6 . 5 4 . 3 6 . 3 
Stephens x Rotam 4 8.2 2 . 1 7.8 3 . 8 6 . 5 3 . 7 4 . 9 
Stephens x Hawaii 7998 7 . 2 2 . 6 6 . 2 2 . 3 5 . 9 2 . 5 3 . 8 
Venus x Saturn 6 . 8 2 . 1 4 . 8 8 . 7 9 . 0 9 . 0 9 . 0 
Venus x Rodade 7.3 2 . 3 5.8 2.3 4.9 2 . 8 3 . 2 
Venus x Rotarn 4 7 . 3 1.5 3 . 9 1.9 4 . 3 2.3 2.5 
Venus x Hawaii 7998 5 . 1 1.7 2.9 1.6 3 . 4 1.9 2.6 
Saturn x Rodade 7.3 2 . 2 5 . 1 2 . 8 6 . 2 2 . 7 4 . 2 
Saturn x Rotam 4 6 . 8 2 . 1 6 . 0 3 . 6 5 . 1 3 . 3 3 . 5 
Saturn x Hawaii 7998 5 . 1 1. 7 2 . 9 2 . 2 3 . 4 2 . 2 2 . 9 
Rodade x Rotam 4 7 . 9 1.7 6 . 4 1.7 4 . 1 1.7 2 . 6 
Rodade x Hawaii 7998 6 . 9 2 . 3 5 . 2 1.6 3 . 5 2 . 1 2 . 9 
Rotam 4 x Hawaii 7998 5 . 7 1.8 4 . 4 1.6 5 . 6 1.6 1.9 
YDifferent statistical analyses were used for each BW strain. Direct comparisons among mean 
Dl's for different strains is not possible. 
zDisease index. Resistant classes based on disease index (DI) : very resistant = Dl of 0 to 3, 
moderately resistant = Dl of 3.1 to 5, slightly resistant = Dl of 5.1 to 6, susceptible = Dl of 6.1 to 
7, and very susceptible = Dl of 7.1 to 9. Data are means of 4 replications. 
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Table 34. A summary of specific combining ability (SCA) effects for resistance to 
Pseudomonas solanacearum strains UW-258, UW-275 (race 1, biovar 1), 
UW-255, UW-130, UW-8 (race 3, biovar 3) estimated for one set of all 
possible crosses among seven tomato cultivars. 
Biovar 1 Biovar 3 
Cross UW-258z UW-275 UW-255 UW-130 UW-8 
UC-82B x Stephens 1. 81 0.78 -0.69 -0.54 -0.58 
UC-82B x Venus -0.44 1.09 0 . 56 0 . 48 0.57 
UC-82B x Saturn -0.66 -0.14 0 .17 0.09 0.20 
UC-82B x Rodade 0.34 -0.36 0.52 0.20 0.70 
UC-82B x Rotam 4 -0.51 -0.76 -1.19 -0.04 -0.09 
UC-82B x Hawaii 7998 -0.54 - 0.61 0.62 -0.21 -0.78 
Stephens x Venus -0.94 0.70 0.78 1.44 0.89 
Stephens x Saturn -0.93 0 . 70 0.39 1. 25 0 . 49 
Stephens x Rodade 1. 37 -0.35 -0.35 -0.34 0.14 
Stephens x Rotam 4 -0 . 81 -0.55 -0 . 05 -0.62 -0.16 
Stephens x Hawaii 7998 -0.50 -1.29 -0.08 -1.20 -0.78 
Venus x Saturn 0 . 76 1.85 1.64 1. 89 1. 97 
Venus x Rodade -0 . 24 -1.18 -0.69 -1.23 -1.64 
Venus x Rotam 4 0 . 46 -1.49 -0.91 -1.39 -1.22 
Venus x Hawaii 7998 0.41 -0.98 -1.38 -1.21 -0.56 
Saturn x Rodade -0.46 -1.17 0 . 17 -1.52 -1.14 
Saturn x Rotam 4 0 . 95 -0.31 -0.59 -0.63 -0.69 
Saturn x Hawaii 7998 0.34 -0.92 -1.79 -1.09 -0.83 
Rodade x Rotam 4 -0.69 1.18 0.22 0.92 0.57 
Rodade x Hawaii 7998 -0.33 1. 88 0 . 13 1. 96 1. 38 
Rotam 4 x Hawaii 7998 0 . 61 1.92 2.51 1. 76 1. 58 
zDifferent statistical analyses were used for each BW strain. Direct comparisons among SCA 
for different strains is not possible. 
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'Saturn' did not show good SCA effect values for most of the P. solanacearum 
strains evaluated. 'Rotam 4' and 'Rodade', as well as 'Saturn' and 'Venus' are 
related, as they have common germplasm in their pedigrees (Henderson and 
Jenkins, 1977; Bosch et al., 1985; Bosch et al., 1990). It is possible that they share 
similar genes for BW resistance, and for this reason did not exhibit good 
combinations. 
This study has demonstrated the utility of combining ability analysis in the 
selection of parents and in the formulation of a crossing plan for a breeding 
program. The seven parents and their F 1 hybrids showed significant differences in 
both GCA and SCA for resistance to BW. Moreover, different effects were 
observed in the diallel analysis between the two P. so/anacearum biovar's, and 
within the strains of each biovar. A careful evaluation of the combining abilities of 
the available resistant parental material against local strains of P. solanacearum is 
needed, before starting a breeding program to increase resistance to tomato 
bacterial wilt. 
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SUMMARY AND CONCLUSIONS 
A greenhouse study was conducted to evaluate a Central American tomato 
plant introduction collection (CATIE, Costa Rica) for resistance to bacterial wilt, 
caused by Pseudomonas solanacearum E. F. Sm .. A separate greenhouse study 
compared bacterial wilt resistant tomato cultivars as hybrid parents. 
Two hundred and thirty three plant introductions, 13 from the Integrated Pest 
Management Project (MIP), CATIE, and 220 from the Genetic Resources Unit, 
CATIE, Costa Rica, and 7 control cultivars were evaluated at the seedling stage for 
resistance to Pseudomonas solanacearum strains UW-25 and UW-256 (race 1, 
biovar 1), and strains UW-130 and UW-255 (race 1, biovar 3). 
Significant differences for disease index (01) among accessions were 
obtained for the four P. solanacearum strains tested. In evaluations using P. 
so/anacearum biovar 1, five plant introductions (PI) showed some degree of 
resistance to strain UW-25, while 24 PI's exhibited resistance to strain UW-256. 
With BW biovar 3, 49 PI's showed resistance to strain UW-130, and 32 PI's 
possessed resistance to strain UW-255. Some PI's had resistance to more than 
one of the P. solanacearum strains used. No tomato plant introduction or control 
cultivar, however, was immune to any of the strains used. 
Bacterial wilt resistance was prevalent among the Panamanian accessions 
tested. Many of these accessions showed a mean Dl similar to the best resistant 
control cultivars used in the evaluations. 
Resistance to bacterial wilt assessed on the basis of Dl of seedlings proved 
to be a good criterion of resistance. The procedure was also practical for 
evaluating a large number of plant material. 
Further research is needed to determine if there is a correlation between 
seedling and adult plant resistance. Comparison of the degree of resistance of the 
resistant plant materials found in this research also needs to be field tested. 
Seven tomato cultivars and one set of their 21 possible single-cross progeny 
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were evaluated for resistance to seven strains of P. solanacearum using a diallel 
analysis. Significant general combining abilities (GCA), and GCA's considerably 
larger than SCA's were observed for all the diallel analysis. This finding suggests 
that, in general, the additive genetic effects of the seven parents used were much 
more important than the nonadditive effects in determining resistance to the seven 
P. solanacearum strains evaluated. However, significant SCA's and average 
heterosis values indicated that nonadditive genetic effects occurred in a lower 
proportion, but still played a role in determining the expression of resistance to the 
P. solanacearum strains evaluated. 
The parents that had better degrees of resistance to most of the P. 
so/anacearum strains were 'Hawaii 7998', and the South African materials 'Rotam 
4' and 'Rodade'. The best parental combiners, using as criteria their GCA effects 
and horticultural characteristics, were 'Rotam 4', 'Venus' and 'Saturn'. 
There was a close agreement between BW resistance of the tomato cultivars 
evaluated and their general combining ability effects for resistance. Cultivars with 
high levels of resistance to bacterial wilt generally produce offspring with good 
levels of resistance. 
Specific combining ability estimates suggests that the F 1 hybrids 'Rotam 4' x 
'UC-828', 'Rotam 4' x 'Stephens', 'Rotam 4' x 'Venus', 'Rotam 4' x 'Saturn', 
'Rodade' x 'Venus', and 'Rodade' x 'Saturn' might be expected to be the most 
bacterial wilt-resistant, and horticulturally adapted materials. Progeny may be 
advanced to further generations with the intent of selecting promising genotypes 
within segregating populations. 
This study has demonstrated the utility of combining ability in the selection of 
parents and in the formulation of a crossing plan for a breeding program. 
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Table A1. An analysis of variance for resistance to Pseudomonas solanacearum 
strains UW-25, UW-256 (race 1, biovar 1), and UW-130, UW-255 (race 1, 
biovar 3), in a Central American tomato plant introduction collection 
(CATIE). 
Source of Estimated 
variance dF mean squarez 
Replication (R) r-1 a2 + ga2R 
Genotype (G) g-1 a2 + re2G 
Error (r-l)(g-1) a2 
Total rg-1 
YReplications and genotypes are referred as rand g, respectively. 
zModel I, replic~tions are random and genotypes are fixed. E!pected mean square of a 
random factor = a , mean squares of the population effects = e . 
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Table A2. Time schedule for the different activities involved in evaluation of a 
Central American tomato plant introduction collection (CATIE), and a 
comparison of resistant tomato cultivars as hybrid parents for resistance 
to Pseudomonas so/anacearum. 
Activity Date 
Acquisition of isolates 
Freezing of isolates 
Selection of wild colonies 
Preliminary testsz 
Planting of diallel parents 
Diallel crosses 
F 1 seed extraction 
Standard curve test 
Kill curve test 





Replication I and II 
Replication Ill and IV 
Yweek of the month. 
(2)Y March, 1992 
(2-4) March, 1992 
April, 1992 
July to November, 1992 
(3) August, 1992 
October to December, 1992 
November, 1992 to February, 1993 
(1 ,2,3) January, 1993 
(2) January to (4) February, 1993 
(1) March to (4) April, 1993 
(2) April to (3) May, 1993 
(4) May to (2) July, 1993 
(1) March to (4) April, 1993 
(1) June to (3) July 
zsoil mixtures, type of flat, watering system, fertilization, plant distances, inoculation technique, 
interplot interference. 
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Table A3. An evaluation of a Central American tomato plant introduction collection 
(CATIE, Costa Rica) for resistance to Pseudomonas so/anacearum 
strains UW-25 and UW-256 (race 1, biovar 1). 
Strain UW-25 Strain UW-256 
Total Percent Total Percent 
no. of of plants Avg no. of of plants Avg 
Pijcv. plantsv DI:S3w orx plantsv DI:S3w orx 
cv . 
Hawaii 
7998 35 51.4 5.2 33 60 . 6 4 . 4 
Rodade 32 15.6 7 . 9 39 25.6 7.0 
Rotam 4 29 17.2 7.2 33 66 . 7 3.7 
Saturn 37 37.8 6.9 28 64 . 3 4 . 3 
Stephens 38 0.0 8.9 37 2.7 8 . 8 
UC-82B 39 48.7 5.5 29 24.1 7.0 
Venus 29 24.1 7 . 0 36 69.4 3 . 9 
vPooled total for 2 or 3 replications. 
wMean percent for strain UW-25 = 9.8, SD = 12.5, and LSD0.05 = 20.1. Mean percent for 
isolate UW-256 = 17, so = 16, and LSD0.05 = 25.7. 
xDisease index. Resistant classes based on disease index (DI): very resistant = Dl of 0 to 3, 
moderately resistant = Dl of 3.1 to 5, slightly resistant = Dl of 5.1 to 6, susceptible = Dl of 6.1 to 
7, and very susceptible = Dl of 7.1 to 9. Data are means of 3 replications, except when it is 
indicat~d. Dl mean for strain UW-25 = 8.1, SD = 0.8, CV = 1 0.2%, and LSD0.05 = 1.3. Dl mean 
for stra1n UW-256 = 7.7, SD = 1.1, cv = 14.5%, and LSD0.05 = 1.8. 
Y Average of 2 replications. LSD0.05 for strain UW-25 = 22.4 for comparisons of means from 3 
vs. 2 replications, and 24.6 for 2 vs. 2 replications. LSD0.05 for strain UW-256 = 28.7 for 
comparisons of means from 3 vs. 2 replications, and 31.5 for 2 vs. 2 replications. 
zAverage of 2 replications. LSD0.05 for strain UW-25 = 1.5 for comparisons of means from 3 
vs. 2 replications, and 1.6 for 2 vs 2 replications. LSD0 05 for strain UW-256 = 2.0 for 
comparisons of means from 3 vs. 2 replications, and 2.2 for 2 vs. 2 replications. 
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Table A3. (continued) 
Strain UW-25 Strain UW-256 
Total Percent Total Percent 
no. of of plants Avg no. of of plants Avg 
PI plantsv DI~3w orx plantsv DI~3w orx 
MIP 
CH-1 27 14.8 7.4 23 73.9 3.0 
115-1 26 15.4 8 . 0 33 15 . 2 7 . 8 
115-9 33 12 .1 7 . 8 33 18 . 2 7.7 
116-4 28 28 . 6 7 . 4 36 41.7 5 . 9 
116-5 33 21.2 7.4 38 47 . 4 5 . 6 
116-15 30 16.7 7 . 6 28 25.0 7.3 
116-E 39 23 . 1 7.3 32 40.6 6.5 
117-21 27 29 . 6 7 . 0 34 35.3 6 . 1 
117-23 29 20.7 7 . 3 28 35 . 7 6.5 
Row Pac 38 15.8 8.1 41 24 . 4 7.3 
Dina-G . 35 31.4 6.9 40 27.5 6 . 9 
Tropic-3 38 36.8 6.6 30 3.3 8 . 6 
Tropic-15 43 4. 7 8 . 7 48 10 . 4 8.1 
CAT IE 
5506 21 9 . 5 8.1 23 13.0 7 . 3 
5507 33 12 . 1 8.4 29 6 . 9 8 . 4 
5510 37 8 . 1 8.4 48 10 . 4 8 . 4 
5511 37 13 . 5 8.2 36 11 . 1 7 . 7 
5512 40 10 . 0 8 . 2 39 12.8 8 .2 
5515 36 5 . 6 8 . 6 29 0 . 0 9 . 0 
5518 18 16 . 7Y 7 . 6z 15 O.OY 9 . oz 
5519 26 11 . 5 7 . 8 36 13 . 9 7 . 9 
5520 25 8.0 8.6 22 9 . 1 8 . 4 
5521 34 8 . 8 8 . 1 40 2.5 8 . 9 
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Table A3. (continued) 
Strain W-25 Strain W-256 
Total Percent Total Percent 
no. of of plants Avg no. of of plants Avg 
PI plantsv DI~3w orx plantsv DI~3w orx 
5522 22 O.OY 8.6z 27 3.7 8.8 
5523 35 2 . 9 8 . 8 43 14.0 7.5 
5524 32 0 . 0 9 . 0 38 5.3 8.6 
5526 38 0 . 0 9.0 39 5.1 8 . 3 
5527 39 5.1 8.8 26 3 . 8 8.6 
5528 40 0 . 0 8.9 35 8.6 8.6 
5529 35 5 . 7 8 . 7 40 7 . 5 8.2 
5530 31 3 . 2 8 . 7 34 0.0 9 . 0 
5532 37 2 . 7 8 . 9 33 0 . 0 8 . 9 
5533 37 13.5 8.1 40 15.0 8.2 
5535 34 0 . 0 9.0 45 4 . 4 8.5 
5536 34 0 . 0 9 . 0 36 0 . 0 8.9 
5537 37 8 . 1 8.3 38 5 . 3 8.4 
5539 34 26.5 6.9 30 36.7 6.0 
5541 29 6.9 8.4 38 10.5 8.4 
5543 45 0.0 8 . 9 41 31.7 7.3 
5544 37 10 . 8 8.4 40 25 . 0 7 . 1 
5546 33 9.1 8.4 38 7 . 9 8 . 3 
5547 37 16 . 2 8 . 2 30 26 . 7 6 . 8 
5548 16 6 . 3Y 8.6z 12 O. OY 9.oz 
5550 26 0 . 0 9.0 31 9 . 7 8 . 7 
5551 25 4 . 0 8 . 5 23 4 . 3 7 . 9 
5554 35 2 . 9 8.7 37 2 . 7 8 . 8 
5555 37 24 . 3 7 . 2 32 0 . 0 8 . 9 
5557 29 0 . 0 9 . 0 44 2 . 3 8 . 9 
5559 36 2 . 8 9 . 0 49 4 . 1 8 . 7 
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Table A3. (continued) 
Strain UW-25 Strain UW-256 
Total Percent Total Percent 
no. of of plants Avg no . of of plants Avg 
PI plantsv DI~3w Dlx plantsv DI~3w Dlx 
5560 42 9.5 8 . 3 33 9 . 1 8 . 3 
5561 28 0 . 0 8 . 5 36 0 . 0 9.0 
5564 24 8 . 3 8 . 2 27 14 . 8 8 . 2 
5565 36 2 . 8 8 . 7 29 6.9 8 . 3 
5566 22 18 . 2Y 8 . 7z 21 19 . 0Y 7 . 9z 
5568 46 4 . 3 8.4 53 5 . 7 8 . 5 
5570 11 o.oY 8.9z 12 8 . 3Y 8 . 7z 
5572 28 25.0 7 . 1 35 28 . 6 7 . 1 
5573 29 10 . 3 8.4 32 18 . 8 7 . 5 
5574 55 3 . 6 8.1 51 19 . 6 7 . 2 
5575 55 7 . 3 8 . 1 57 26.3 7 . 3 
5577 41 2 . 4 8 . 3 39 10 . 3 8 . 4 
5578 31 9 . 7 8 . 2 28 28 . 6 6 . 8 
5582 22 18 . 2Y 8.oz 16 25 . 0Y 6 . oz 
5584 28 0 . 0 8.9 34 2 . 9 8 . 8 
5586 36 8 . 3 8.4 29 20.7 7 . 6 
5588 33 3 . 0 8 . 6 35 2 . 9 8 . 8 
5590 33 3 . 0 8 . 7 36 0 . 0 9 . 0 
5593 28 7.1 8 . 6 25 28 . 0 7 . 3 
5594 32 0 . 0 8 . 9 35 14 . 3 8 . 1 
5596 46 10 . 9 8 . 0 34 23 . 5 6 . 6 
5598 41 17 . 1 7 . 6 35 14 . 3 7 . 8 
5600 33 0 . 0 9 . 0 38 0 . 0 8 . 9 
5601 38 0.0 9.0 40 0 . 0 9 . 0 
5603 29 3 . 4 8 . 6 29 20 . 7 6 . 8 
5604 37 0 . 0 9 . 0 31 3 . 2 8 . 8 
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Table A3. (continued) 
Strain UW-25 Strain UW-256 
Total Percent Total Percent 
no. of of plants Avg no. of of plants Avg 
PI plantsv DI:S3w orx plantsv DI:S3w orx 
5606 30 3.3 8 . 5 29 0.0 9 . 0 
5608 38 7 . 9 7 . 8 34 2 . 9 8.9 
5610 54 0.0 9 . 0 64 10 . 9 8 . 1 
5616 31 25.8 7.2 35 5.7 8 . 7 
5620 23 8 . 7 8.6 32 25.0 7 . 2 
5622 32 6 . 3 8 . 5 35 2 . 9 8 . 9 
5624 33 3 . 0 8 . 7 29 24 . 1 7 . 3 
5627 29 10 . 3 8.4 39 2 . 6 8 . 7 
5628 38 13 . 2 8 . 2 33 0 . 0 9 . 0 
5629 32 3 . 1 8.5 30 13 . 3 7 . 9 
5631 15 o . oY 9.oz 15 O. OY 9 . oz 
5632 33 3 . 0 8 . 1 38 10.5 8 . 1 
5634 31 6 . 5 8 . 6 39 5. 1 8 . 6 
5635 28 17 . 9 7 . 3 29 17 . 2 7 . 7 
5636 31 0 . 0 8 . 6 36 11.1 8 . 5 
5638 17 11.8Y 8 . 5z 23 13.0Y 8 . 5z 
5639 27 3 . 7 8 . 7 33 3 . 0 8 . 6 
5641 51 0 . 0 8 . 7 55 9 . 1 8 . 4 
5644 30 3 . 3 8 . 1 30 6 . 7 8.6 
5647 37 8 . 1 8 . 5 43 7 . 0 8 . 5 
5648 36 13 . 9 8 . 2 31 22 . 6 7 . 0 
5650 34 5 . 9 8 . 8 29 3 . 4 8 . 8 
5651 35 8 . 6 8 . 5 40 5 . 0 8 . 7 
5652 31 3 . 2 8.7 41 2 . 4 8 . 9 
5654 40 2 . 5 8 . 7 36 2 . 8 8 . 8 
5655 27 3 . 7 8 . 8 29 6 . 9 8.6 
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Table A3. (continued) 
Strain W-25 Strain W-256 
Total Percent Total Percent 
no . of of plants Avg no . of of plants Avg 
PI plantsv Dis3w Dlx plantsv Dis3w orx 
5657 38 0 . 0 9 . 0 38 21.1 7 . 6 
5660 33 6 . 1 8 . 3 40 0 . 0 9 . 0 
5664 35 2 . 9 8 . 7 40 2 . 5 8 . 9 
5666 34 0 . 0 8 . 6 47 0 . 0 9 . 0 
5668 33 9 . 1 8 . 2 35 5 . 7 8 . 5 
5671 37 0 . 0 9 . 0 39 2 . 6 8 . 8 
5673 35 5.7 8 . 6 33 0 . 0 9 . 0 
5674 36 11 . 1 8 . 1 43 9 . 3 8 . 6 
5675 33 3 . 0 8 . 6 41 0 . 0 8 . 9 
5677 66 4 . 5 8 . 4 64 20 . 3 7 . 5 
5682 29 0.0 9 . 0 33 3 . 0 8 . 8 
5685 34 0 . 0 8.7 31 6 . 5 8 . 6 
5686 34 20 . 6 7.2 42 9.5 8 . 4 
5687 36 0.0 8.9 43 2 . 3 8.7 
5688 41 9.8 7.9 37 29.7 6.7 
5690 28 7 . 1 8 . 5 35 2 . 9 8 . 8 
5693 41 4 . 9 8 . 5 33 6 . 1 8 . 5 
5696 34 8 . 8 8 . 2 38 2 . 6 8 . 8 
5697 35 17 . 1 7 . 7 35 5 . 7 8 . 5 
5698 35 5 . 7 8 . 2 35 11. 4 8 . 0 
5699 53 0 . 0 8 . 7 48 6 . 3 8 . 5 
5701 27 0 . 0 9 . 0 30 0 . 0 9 . 0 
5703 28 7 . 1 8 . 4 31 9 .7 8 . 0 
5704 27 0 . 0 8 . 8 34 5 . 9 8 . 6 
5711 29 3 . 4 8 . 9 35 17 . 1 7 . 9 
5712 31 3 . 2 8 . 5 33 12 . 1 8.1 
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Table A3. {continued) 
Strain UW-25 Strain UW-256 
Total Percent Total Percent 
no. of of plants Avg no. of of plants Avg 
PI plantsv DI:S3w nrx plantsv DI:S3w nrx 
6130 27 0.0 8 . 8 30 13.3 7.8 
6156 35 O. OY 8.8z 52 25 . 0 7.6 
6157 19 0 . 0 9 . 0 27 0 . 0 9 . 0 
6581 18 O. OY 9 . oz 11 O. OY 9 . oz 
6604 37 5 . 4 8 . 6 31 3 . 2 8 . 6 
6625 34 20 . 6 6 . 9 35 37 . 1 6 . 4 
6649 36 0.0 9 . 0 33 0 . 0 8 . 8 
7113 32 18 . 8 7 . 5 31 9 . 7 8 . 2 
7288 33 6 . 1 8.5 37 24 . 3 7.4 
7295 34 20.6 7.7 38 10 . 5 8 . 2 
7839 34 2.9 8.7 39 5 . 1 8 . 6 
7994 11 27.3Y 7.oz 11 36 . 4Y 4 . 2z 
8273 39 0.0 8 . 9 38 26 . 3 7.0 
9033 37 10 . 8 7.7 38 21.1 7.2 
9035 32 12.5 8.3 42 16.7 7.9 
9073 32 3 . 1 8.8 37 8 . 1 8 . 5 
9074 40 10 . 0 8 . 2 33 15 . 2 7 . 9 
9474 33 9.1 8.6 36 5 . 6 8.6 
10596 35 5 . 7 8 . 7 32 12 . 5 7 . 9 
10597 39 10 . 3 7 . 9 41 31.7 6.8 
10598 36 19 .4 7 . 5 35 31.4 6.9 
10657 47 0 . 0 9 . 0 46 0 . 0 9 . 0 
10658 33 0.0 8 . 8 31 3 . 2 8 . 7 
10659 38 5 . 3 8 . 3 37 21.6 7.4 
11746 37 0 . 0 9.0 39 25 . 6 7.1 
12311 22 9 . 1 7.7 24 20 . 8 7.3 
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Table A3. (continued) 
Strain UW-25 Strain UW-256 
Total Percent Total Percent 
no. of of plants Avg no. of of plants Avg 
PI plantsv DI~3w nrx plantsv DI~3w nrx 
12936 40 0 . 0 9 . 0 42 0.0 8 . 8 
14667 29 17 . 2 8 . 0 32 28.1 7 . 1 
MIP-14667 32 15.6 7 . 1 27 33.3 7.5 
14809 35 2 . 9 8 . 5 34 26 . 5 6.7 
14810 41 12 . 2 8.3 35 5.7 8.6 
14811 33 12 . 1 7 . 8 34 29 . 4 6.8 
14812 27 3 . 7 8 . 2 26 11 . 5Y s .oz 
14813 35 0 . 0 8 . 9 45 4 . 4 8 . 8 
14814 32 0.0 9 . 0 31 9 . 7 8 . 3 
14815 25 0.0 9.0 26 3 . 8 8 . 8 
14816 21 0 . 0 9 . 0 32 6 . 3 8 . 4 
14817 22 9 . 1 8.6 28 14 . 3 8.2 
14818 38 0 . 0 9.0 37 0 . 0 9 . 0 
14820 60 0.0 9 . 0 51 0.0 9 . 0 
14821 20 0.0 9 . 0 31 3.2 8.6 
14823 36 11.1 8.3 31 9.7 8.1 
15822 20 10 . 0 8 . 0 20 0 . 0 8.9 
15823 58 0 . 0 8 . 9 63 1.6 8 . 8 
15824 33 0 . 0 8.9 31 0 . 0 9 . 0 
15964 22 0 . 0 8 . 9 29 13 . 8 8 . 0 
15994 25 0.0 8 . 8 28 3 . 6 8 . 8 
16028 46 13 . 0 7 . 9 48 12 . 5 8 . 2 
16397 53 0 . 0 9 . 0 36 0.0 9 . 0 
16398 43 9 . 3 8 . 5 45 2 . 2 8 . 9 
16399 27 7 . 4 7 . 9 21 4 . 8 8 . 6 
16400 32 3 . 1 8 . 6 30 13 . 3 8.1 
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Table A3. (continued) 
Strain UW-25 Strain UW-256 
Total Percent Total Percent 
no. of of plants Avg no. of of plants Avg 
PI plantsv DI~3w orx plantsv DI~3w orx 
16604 19 0.0 9 . 0 21 14.3 8 . 2 
16605 40 20 . 0 7 . 4 38 36 . 8 6 . 2 
16606 19 5 . 3 8 . 7 28 10.7 7 . 4 
16607 36 8 . 3 8 . 2 39 7 . 7 8 . 5 
16608 46 0 . 0 8.9 42 4.8 8 . 7 
16609 39 0 . 0 9 . 0 36 16 . 7 8 . 3 
16610 39 10 . 3 8 . 0 42 23 . 8 7 . 5 
16611 37 0 . 0 8.5 33 0 . 0 8 . 9 
16612 46 0 . 0 8 . 9 41 19 . 5 7 . 7 
17137 36 22.2 6 . 9 30 50 . 0 5.3 
17138 40 25.0 7 . 1 37 29 . 7 7 . 0 
17249 28 17 . 9 7 . 9 27 14 . 8 7.5 
17275 27 3.7 8 . 3 34 11 . 8 8 . 2 
17276 34 11.8 7 . 9 42 23.8 7.0 
17323 45 6 . 7 7.8 36 13 . 9 8 . 1 
17329 35 17 . 1 7.2 33 33 . 3 6 . 4 
17330 35 31.4 6 . 7 38 39 . 5 6 . 1 
17331 18 33 . 3Y 6 . 5z 19 31.6Y 6 . 8z 
17332 33 27 . 3 7 . 4 35 28 . 6 6 . 8 
17333 36 30 . 6 6.9 35 60 . 0 4 . 5 
17334 22 63 . 6Y 4 . oz 21 61. 9Y 4 . oz 
17335 36 22 . 2 7 . 4 34 44 . 1 5 . 7 
17336 34 14.7 7 . 5 35 34 . 3 6.4 
17337 36 25.0 6 . 6 40 62 . 5 4 . 7 
17338 34 8.8 8 . 2 21 61. 9Y 5 . 1z 
17339 41 19 . 5 7 . 8 33 30.3 6 . 9 
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Table A3. (continued) 
Strain W-25 Strain W-256 
Total Percent Total Percent 
no . of of plants Avg no . of of plants Avg 
PI plantsv Dl::!>3w nrx plantsv Dl::!>3w nrx 
17340 39 12 . 8 7.9 37 51.4 5 . 7 
17341 38 23 .7 7 . 4 35 31.4 6 . 4 
17342 34 29 . 4 7 . 2 38 31.6 6 . 3 
17343 38 28 . 9 7 . 7 37 54 . 1 5 . 1 
17344 39 30 . 8 6 . 8 41 29.3 6 . 8 
17345 31 29.0 7 . 1 33 51.5 5.4 
17346 35 5 . 7 8 . 3 36 16.7 7 . 8 
17347 29 20.7 6 . 9 36 27 . 8 7 . 2 
17348 34 29 . 4 6.9 36 19 . 4 7 . 3 
17349 33 30 . 3 6 . 2 35 37 . 1 6 . 3 
17350 34 8 . 8 8.1 38 52 . 6 5 . 4 
17351 33 18 . 2 7 . 2 43 11 . 6 8 . 1 
17352 31 25 . 8 7.1 30 46 . 7 5 . 5 
17353 35 31.4 6 . 8 34 41.2 5 . 9 
17354 32 9 . 4 8 . 1 35 17 . 1 7.6 
17356 13 15.4Y 8.4z 15 20 . 0Y 7.oz 
17357 31 0 . 0 9 . 0 37 16 . 2 8 . 0 
17360 29 3 . 4 8 . 7 33 24 . 2 7 . 1 
17362 38 5 . 3 8 . 5 35 45 . 7 5 . 9 
17470 31 16 . 1 7 . 7 39 2.6 8 . 7 
17734 31 35 . 5 6 . 7 40 47 . 5 5 . 9 
17735 41 19 . 5 7 . 4 42 38.1 6 . 4 
17737 36 16 . 7 7 . 6 47 25 . 5 7.1 
17739 39 33 . 3 6 . 4 44 18 . 2 7.3 
17740 27 29 . 6 6 . 2 40 52.5 5 . 1 
17741 29 20 . 7 7.0 30 33 . 3 6.8 
17742 32 25 . 0 7 . 1 37 43.2 6.2 
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Table A4. An evaluation of a Central American tomato plant introduction collection 
(CATIE, Costa Rica) for resistance to Pseudomonas solanacearum 
strains UW-255 and UW-130 (race 1, biovar 3). 
Strain UW-255 Strain UW-130 
Total Percent Total Percent 
no. of of plants Avg no. of of plants Avg 
PI/cv. plantsv Dis3w Dlx plantsv D!S3w Dlx 
£Y.:. 
Hawaii 
7998 35 71.4 4.0 35 88.6 2.5 
Rodade 30 70.0 4 . 0 32 40.6 5 . 4 
Rotam 4 27 74.1 3.2 30 93 . 3 1.7 
Saturn 37 0 . 0 9 . 0 34 0.0 8 . 9 
Stephens 36 0 . 0 9 . 0 33 0 . 0 9 . 0 
UC-82B 37 0 . 0 9.0 37 0.0 9.0 
Venus 38 0 . 0 9.0 29 6.9 8 . 6 
vPooled total for 2 or 3 replications. 
wMean percent for strain UW-255 = 1 o, SD = 15.1 and LSD0_05 = 24.2. Mean percent for strain 
UW-130 = 16.3, SD = 14 and LSD0.05 = 22.5. 
xResistance classes based on disease indices (DI): very resistant = Dl of 0 to 3, moderately 
resistant = Dl of 3.1 to 5, slightly resistant = Dl of 5.1 to 6, susceptible = Dl of 6.1 to 7, and very 
susceptible = Dl of 7.1 to 9. Data are average of 3 replications. Dl mean for strain UW-255 = 8.2, 
SD = 1, CV = 12.6% and LSD0.05 = 1.7. Dl mean for strain UW-130 = 7.8, SD = 0.9, CV = 12.2, 
and LSD0.05 = 1.5. 
Y Average of 2 replications. LSD0.05 for strain UW-255 = 27.1 for comparisons of means from 3 
vs. 2 replications, and 29.7 for 2 vs. 2 replications. LSD0.05 for strain UW-130 = 25.2 for comparisons 
of means from 3 vs. 2 replications, and 27.6 for 2 vs. 2 replications. 
zAverage of 2 replications. LSD0.05 for strain UW-255 = 1.9 for comparisons of means from 3 
vs. 2 replications, and 2.0 for 2 vs. 2 replications. LSD0.05 for strain UW-130 = 1.7 for comparisons 
of means from 3 vs. 2 replications, and 1.9 for 2 vs. 2 replications. 
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Table A4. (continued) 
Strain UW-255 Strain UW-130 
Total Percent Total Percent 
no. of plants Avg no. of plants Avg 
PI plantsv Dl::53w Dlx plantsv DI::53w Dlx 
MIP 
CH-1 24 58.3 5 . 4 22 77 . 3 3 . 7 
115 -1 32 40 . 6 5.9 26 76.9 3 . 4 
115-9 31 51.6 5 . 7 32 31.3 6 . 4 
116-4 29 44.8 6 . 1 29 69 . 0 4 . 0 
116-5 32 46 . 9 5 . 1 32 62 . 5 4 . 3 
116-15 26 53.8 5 . 8 28 60 .7 5 . 0 
116-E 29 62 . 1 3 . 9 37 64.9 3 . 9 
117-21 22 31.8 6 . 0 27 70 . 4 4 . 0 
117-23 26 34 . 6 6 . 7 26 50 . 0 5 . 3 
Row Pac 32 0 . 0 8 . 9 27 11 .1 8 . 1 
Dina-G. 28 35 . 7 6.3 31 71.0 3.3 
Tropic-3 29 27 . 6 6 . 6 28 60 . 7 5 . 0 
Tropic-15 20 15.0 8.3 25 24.0 7 . 0 
CAT IE 
5506 24 0 . 0 8.9 21 0.0 8.9 
5507 29 0 . 0 8 . 9 31 0.0 9 . 0 
5510 34 0 . 0 8 . 8 35 0 . 0 9.0 
5511 36 0 . 0 8.9 39 0 . 0 9 . 0 
5512 31 0 . 0 9 . 0 29 0.0 9 . 0 
5515 24 4.2 8 . 5 26 0 . 0 9 . 0 
5518 11 O. OY 8 . 3z 13 o . oY 9 . oz 
5519 29 0.0 9.0 22 0 . 0 8 . 9 
5520 23 0.0 9 . 0 17 0 . 0 9 . 0 
5521 34 0 . 0 9 . 0 30 0.0 9.0 
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Table A4. (continued) 
Strain UW'-255 Strain UW'-130 
Total Percent Total Percent 
no. of plants Avg no . of plants Avg 
PI plantsv DI:53w Dlx plantsv DI:53w DIX 
5522 30 0 . 0 9 . 0 32 0 . 0 8 . 9 
5522 30 0 . 0 9 . 0 32 0.0 8 . 9 
5524 35 0 . 0 8.9 32 3 . 1 8 . 7 
5526 33 0.0 9.0 30 0.0 9.0 
5527 34 0.0 9 . 0 35 0.0 9.0 
5528 35 0 . 0 9 . 0 34 0.0 9 . 0 
5529 35 0 . 0 8.8 35 0 . 0 8 . 9 
5530 32 0 . 0 9 . 0 36 0 . 0 9 . 0 
5532 32 0 . 0 9 . 0 33 0 . 0 9 . 0 
5533 35 0.0 8 . 7 36 0 . 0 9 . 0 
5535 35 0 . 0 9 . 0 35 0 . 0 9.0 
5536 31 0 . 0 9 . 0 30 0 . 0 9.0 
5537 31 0 . 0 8 . 7 29 0 . 0 9 . 0 
5539 31 61.3 5 . 1 35 62.9 4 . 0 
5541 28 0.0 8.9 26 0 . 0 9 . 0 
5543 33 0 . 0 8 . 9 39 0 . 0 9 . 0 
5544 32 0 . 0 9 . 0 30 0 . 0 9.0 
5546 29 0 . 0 9 . 0 32 0.0 9.0 
5547 30 0.0 8.7 26 3 . 9 8 . 8 
5548 18 O.OY 9 . oz 20 O. OY 9 . oz 
5550 24 0 . 0 9 . 0 27 0 . 0 9 . 0 
5551 23 0 . 0 9.0 21 0.0 8.8 
5554 34 2 . 9 8 . 8 36 0 . 0 9 . 0 
5555 34 0 . 0 9 . 0 27 0 . 0 9.0 
5557 27 0.0 9.0 35 0 . 0 9 . 0 
5559 38 0.0 9 . 0 30 0 . 0 9.0 
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Table A4. (continued) 
Strain UW-255 Strain UW-130 
Total Percent Total Percent 
no. of plants Avg no. of plants Avg 
PI plantsv Dl!S3w orx plantsv DI!S3w orx 
5560 35 0 . 0 8 . 7 33 0.0 9.0 
5561 30 0 . 0 8 . 6 29 0.0 8.9 
5563 17 5 . 9Y 8.4z 19 O.OY 9 . oz 
5564 23 0 . 0 9 . 0 24 0 . 0 9 . 0 
5565 24 0.0 9 . 0 32 0 . 0 9.0 
5566 17 O. OY 9 . oz 21 O. OY 9 . oz 
5568 53 0 . 0 8 . 9 43 0 . 0 8 . 9 
5570 11 O. OY 9.oz 12 O.OY 9.oz 
5572 29 0.0 8.9 28 0 . 0 9.0 
5573 24 0.0 8 . 9 31 0.0 9 . 0 
5574 46 0 . 0 9.0 52 0.0 9 . 0 
5575 56 0 . 0 9 . 0 47 0.0 9.0 
5577 28 3 . 6 8 . 7 31 0 . 0 9.0 
5578 28 0 . 0 8.9 17 O.OY 9.oz 
5582 15 o.oY 9.oz 19 O.OY 9.oz 
5584 30 0.0 9.0 24 0.0 9 . 0 
5586 31 0 . 0 9.0 33 0.0 8.9 
5588 33 0.0 8.8 31 0.0 9.0 
5590 33 0 . 0 8.9 27 0 . 0 9 . 0 
5593 28 0 . 0 9 . 0 27 0 . 0 9 . 0 
5594 33 0 . 0 9 . 0 29 0 . 0 8.9 
5596 46 0.0 8 . 9 49 2 . 0 8 . 9 
5598 28 3 . 6 8 . 4 27 0 . 0 8 . 7 
5600 30 0 . 0 9 . 0 29 0.0 9.0 
5601 31 0 . 0 8.9 32 0 . 0 9.0 
5603 29 0.0 9.0 25 0 . 0 9.0 
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Table A4. (continued) 
Strain UW-255 Strain UW-130 
Total Percent Total Percent 
no. of plants Avg no. of plants Avg 
PI plantsv DI:S3w nrx plantsv DI:S3w nrx 
5604 36 0.0 9 . 0 32 0 . 0 9.0 
5606 33 0.0 9.0 22 0 . 0 8.9 
5608 33 0.0 9 . 0 34 0 . 0 9.0 
5610 62 0.0 9.0 51 0 . 0 9.0 
5616 38 0.0 8.6 37 0 . 0 9.0 
5620 28 0 . 0 9 . 0 27 0 . 0 9.0 
5622 32 0 . 0 9.0 33 0 . 0 9 . 0 
5624 33 0 . 0 9 . 0 25 0.0 9 . 0 
5627 39 2.6 8 . 7 29 0.0 9 . 0 
5628 35 0.0 9 . 0 32 0 . 0 9 . 0 
5629 32 3.1 8.7 28 0 . 0 9 . 0 
5631 13 O.OY 9.oz 17 O. OY 8.5z 
5632 34 0.0 8 . 9 35 0 . 0 8.6 
5634 31 0 . 0 9.0 34 0.0 9 . 0 
5635 29 0.0 9.0 25 4 . 0 8 . 6 
5636 31 6.5 8.0 55 0.0 9.0 
5638 16 O.OY 9.oz 11 O. OY 9.oz 
5639 28 0 . 0 9.0 29 0.0 9 . 0 
5641 46 0 . 0 8 . 7 33 0 . 0 8 . 9 
5644 28 0.0 8 . 9 30 0.0 8.9 
5647 33 0 . 0 9 . 0 32 0.0 9 . 0 
5648 33 0.0 9.0 34 0 . 0 9.0 
5650 32 0.0 9 . 0 36 0 . 0 8 . 9 
5651 32 0.0 9.0 33 0.0 9.0 
5652 36 0.0 8.9 41 0.0 9.0 
5654 33 0 . 0 9.0 33 0 . 0 9 . 0 
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Table A4. (continued) 
Strain UW-255 Strain UW-130 
Total Percent Total Percent 
no. of plants Avg no. of plants Avg 
PI plantsv Dl:S3w Dlx plantsv Dl:S3w Dlx 
5655 32 0 . 0 9 . 0 31 0.0 9.0 
5657 32 0 . 0 9 . 0 29 0.0 8 . 9 
5660 36 0.0 8 . 7 31 0 . 0 9.0 
5664 38 0 . 0 9 . 0 31 12 . 9 8 . 0 
5666 36 0 . 0 9 . 0 29 0 . 0 9.0 
5668 34 0 . 0 8 . 8 33 0 . 0 9 . 0 
5671 32 0 . 0 8.9 34 0 . 0 9 . 0 
5673 34 0 . 0 8 . 9 34 0 . 0 9.0 
5674 35 0 . 0 9 . 0 38 0.0 9 . 0 
5675 32 0 . 0 9.0 33 0.0 9.0 
5677 57 0 . 0 8 . 9 43 0 . 0 9.0 
5682 36 2 . 8 8 . 9 30 0 . 0 9 . 0 
5685 35 2 . 9 8 . 8 37 0.0 9.0 
5686 34 0 . 0 9 . 0 37 0 . 0 9 . 0 
5687 32 0 . 0 9.0 39 0 . 0 9 . 0 
5688 38 0 . 0 9 . 0 39 0 . 0 9 . 0 
5690 30 0 . 0 9 . 0 33 0 . 0 9 . 0 
5693 36 0 . 0 9 . 0 34 0 . 0 8 . 8 
5696 34 0 . 0 9 . 0 34 0 . 0 9.0 
5697 34 0 . 0 9 . 0 34 0 . 0 9.0 
5698 33 0 . 0 9.0 32 0 . 0 9 . 0 
5699 44 0 . 0 9 . 0 54 0 . 0 9 . 0 
5701 27 0 . 0 9 . 0 32 0 . 0 9 . 0 
5703 33 0 . 0 9.0 28 0 . 0 9 . 0 
5704 28 3 . 6 8 . 6 20 0 . 0 9.0 
5711 29 0 . 0 9 . 0 32 o.o 9 . 0 
110 
Table A4. (continued) 
Strain UW'-255 Strain UW'-130 
Total Percent Total Percent 
no. of plants Avg no. of plants Avg 
PI plantsv Dis3w orx plantsv Dis3w orx 
5712 32 0 . 0 8 . 9 33 0 . 0 9 . 0 
6130 33 0.0 9.0 24 0 . 0 8 . 7 
6156 47 4 . 3 8 . 4 44 0 . 0 9 . 0 
6157 21 4.8 8 . 6 22 4.6 8.7 
6581 14 O. OY 9.oz 14 O. OY 9 . oz 
6604 30 0 . 0 9 . 0 34 0 . 0 9 . 0 
6625 34 0 . 0 8 . 4 33 3 . 0 8 . 7 
6649 34 0 . 0 9 . 0 34 0.0 8 . 9 
7113 32 6 . 3 8 . 5 31 22 . 6 7.3 
7288 34 0.0 8 . 8 33 0 . 0 8.9 
7295 35 0 . 0 8 . 9 31 0 . 0 9 . 0 
7839 27 3 . 7 8.4 32 18 . 8 7 . 7 
7994 10 O. OY 9 . oz 11 O. OY 9 . oz 
8273 29 0 . 0 9 . 0 33 0 . 0 9.0 
9033 32 12.5 8 . 1 35 37.1 6.0 
9035 35 0 . 0 8.8 34 0.0 9.0 
9073 34 0 . 0 9 . 0 33 0 . 0 9.0 
9074 34 0 . 0 9 . 0 20 5.0Y 8 . 7z 
9474 34 0 . 0 9 . 0 34 0 . 0 9.0 
10596 33 3 . 0 8.3 32 3 . 1 8 . 6 
10597 30 6 . 7 8 . 2 33 18 . 2 7 . 4 
10598 29 0 . 0 9 . 0 33 0 . 0 8.8 
10657 39 0 . 0 9 . 0 35 0 . 0 9 . 0 
10658 28 0 . 0 9.0 29 0 . 0 9 . 0 
10659 32 0 . 0 8 . 9 32 0 . 0 8 . 7 
11746 35 0 . 0 9 . 0 36 0 . 0 9.0 
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Table A4. (continued) 
Strain W-255 Strain W-130 
Total Percent Total Percent 
no. of plants Avg no . of plants Avg 
PI plantsv DI~3w Dlx plantsv DI~3w orx 
12311 23 8 . 7 8 . 3 27 7 . 4 8 . 0 
12936 40 0 . 0 9 . 0 36 0 . 0 9 . 0 
14667 28 57 . 1 4 . 6 27 92 . 6 2 . 5 
MIP - 14667 19 68 . 4Y 3 . 2z 28 64.3 4 . 5 
14809 34 0 . 0 8 . 8 32 6.3 8 . 5 
14810 32 0 . 0 8 . 8 32 0 . 0 9 . 0 
14811 32 3 . 1 8 . 7 30 13.3 7 . 9 
14812 32 0 . 0 9 . 0 31 0 . 0 9 . 0 
14813 28 0 . 0 9 . 0 35 0 . 0 9 . 0 
14814 27 0.0 9 . 0 29 0.0 9 . 0 
14815 33 0 . 0 9 . 0 27 0 . 0 9 . 0 
14816 31 0 . 0 9.0 27 0 . 0 9 . 0 
14817 31 0 . 0 8 . 6 21 0 . 0 9 . 0 
14818 25 0 . 0 9 . 0 30 0 . 0 9 . 0 
14820 36 0 . 0 9.0 45 0.0 9 . 0 
14821 26 11 . 5 8.1 27 0 . 0 9.0 
14823 37 0 . 0 9 . 0 36 0.0 9 . 0 
15822 36 0 . 0 9.0 25 0 . 0 9 . 0 
15823 46 0 . 0 9 . 0 44 0 . 0 9 . 0 
15824 31 0 . 0 9.0 26 0 . 0 9.0 
15964 21 0 . 0 8 . 9 26 0 . 0 9.0 
15994 17 0 . 0 8 . 9 20 0 . 0 9 . 0 
16028 49 2 . 0 8 . 6 43 7 . 0 8 . 1 
16397 30 0 . 0 9.0 32 0.0 9 . 0 
16398 35 0 . 0 9 . 0 32 0 . 0 9.0 
16399 26 0.0 8 . 8 21 4 . 8 8 . 5 
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Table A4. (continued) 
Strain UW-255 Strain UW-130 
Total Percent Total Percent 
no . of plants Avg no . of plants Avg 
PI plantsv Dls3W Dlx plantsv Dls3W Dlx 
16400 32 0 . 0 8 . 8 34 0 . 0 8.9 
16604 19 0.0 9.0 14 0 . 0 9 . 0 
16605 34 2 . 9 8 . 5 33 0 . 0 9 . 0 
16606 17 0 . 0 9 . 0 19 0 . 0 8 . 8 
16607 35 0 . 0 8 . 9 32 3 . 1 8.8 
16608 45 0 . 0 9 . 0 35 0 . 0 8 . 8 
16609 32 0.0 9 . 0 36 0 . 0 9 . 0 
16610 31 0 . 0 8 . 7 37 0 . 0 9 . 0 
16611 25 0.0 8.7 35 0 . 0 9 . 0 
16612 38 0 . 0 9 . 0 46 0.0 9 . 0 
17137 33 39.4 6.0 33 78.8 3 . 1 
17138 34 23.5 6 . 7 30 70 . 0 4.2 
17249 30 16 . 7 7 . 7 30 40.0 5.8 
17275 26 0 . 0 9 . 0 31 0 . 0 9.0 
17276 32 0.0 8 . 9 31 0 . 0 9 . 0 
17323 48 0.0 9 . 0 47 0 . 0 9 . 0 
17329 30 23 . 3 6 . 9 35 88 . 6 2.4 
17330 35 42 . 9 5 . 8 34 55 . 9 5.1 
17331 21 52 . 4Y 5 . 7z 18 77 . 8Y 3 . 7z 
17332 31 54 . 8 5.1 32 71.9 3.6 
17333 35 45 . 7 5 . 5 32 75 . 0 3.8 
17334 21 61.9Y 5 . 2z 18 66 . 7Y 4.9z 
17335 32 37 . 5 5 . 9 33 75 . 8 3 . 6 
17336 35 48 . 6 5 . 4 36 55 . 6 4.9 
17337 35 22 . 9 7 . 0 34 52 . 9 4 . 7 
17338 34 38 . 2 6 . 5 32 78 . 1 3 . 9 
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Table A4. (continued) 
Strain W-255 Strain W-130 
Total Percent Total Percent 
no. of plants Avg no. of plants Avg 
PI plantsv Dis3w nrx plantsv Dls3W nrx 
17339 32 21.9 7.3 32 34.4 6.5 
17340 33 30.3 6.7 33 69.7 4.5 
17341 31 51.6 5.4 35 42.9 5.7 
17342 33 30.3 6 . 3 31 67.7 3.9 
17343 35 37.1 6 . 1 32 59.4 4 . 5 
17344 34 55.9 4.5 34 76.5 3.9 
17345 28 53.6 4 . 8 28 71.4 3.6 
17346 37 27.0 6.9 32 78.1 3.1 
17347 33 60.6 4 . 6 32 87.5 2.9 
17348 36 61.1 4 . 4 35 68.6 3.7 
17349 35 42.9 5.4 34 85 . 3 2.6 
17350 35 22.9 7.0 31 67.7 4.1 
17351 33 63 . 6 4.4 32 68.8 4.1 
17352 28 17.9 7.5 28 82 . 1 2.8 
17353 33 24.2 6.8 33 63.6 4.3 
17354 36 33.3 6.1 36 77.8 2.7 
17356 17 o.oY 9.oz 12 O.OY 9.oz 
17357 33 0.0 8.9 29 27.6 6.8 
17360 32 0.0 8.9 26 0.0 9.0 
17362 32 0.0 9 . 0 31 0.0 9.0 
17470 32 12.5 7.9 28 0 . 0 8.8 
17734 33 45.5 5.7 34 85.3 2.7 
17735 32 3.1 8 . 8 33 63.6 4.5 
17737 35 34.3 5.8 36 58.3 4.5 
17739 35 37.1 6.5 30 70 . 0 3.7 
17740 25 40.0 5 . 6 32 68.8 3.3 
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Table A4. (continued) 
Strain W-255 Strain W-130 
Total Percent Total Percent 
no . of plants Avg no. of plants Avg 
PI plantsv Dis3w orx plantsv Dis3w orx 
17741 33 15 . 2 7 . 4 31 58.1 4.6 
17742 35 45 . 7 5.3 29 86.2 2.7 
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Table AS. CATIE's passport data for bacterial wilt resistant lines from Panama and 
Taiwanz. 
PI Origin Pedigree and/or [name] 
17329 Panama, IDIAP (CL 114-5-5-0-0 X 1-12) X (19L x 1-12) 
17330 Panama, IDIAP (CL 114-5-5-0-0 X 1-12) X (19L X 1-12) 
17331 Panama, IDIAP (CL 114-5-5-0-0 X 1-12) X (19L X 1-12) 
17332 Panama, IDIAP (CL 114-5-5-0-0 X 1-12) X (19L x 1-12) 
17333 Panama, IDIAP (CL 114-5-5-0-0 X 1-12) X (LPF X 1-12) 
17334 Panama, IDIAP (CL 114-5-5-0-0 X 1-12) X (LPF X 1-12) 
17335 Panama, IDIAP (CL 114-5-5-0-0 X 1-12) X (LPF X 1-12) 
17336 Panama, IDIAP (CL 114-5-5-0-0 X 1-12) X (LPF X 1-12) 
17337 Panama, IDIAP (CL 114-5-5-0-0 X 1-12) X (LPF X 1-12) 
17338 Panama, IDIAP (CL 114-5-5-0-0 x 1-12) x (LPF x 1-12) 
17339 Panama, IDIAP (CL 114-5-5-0-0 x 1-12) X (LPF X 1-12) 
17340 Panama, IDIAP (CL 114-5-5-0-0 X 1-12) X (LPF X 1-12) 
17341 Panama, IDIAP 19 LX 1-12 
17342 Panama, IDIAP 19 LX 1-12 
17343 Panama, IDIAP 19 LX 1-12 
17344 Panama, IDIAP 19 LX 1-12, [Duru] 
17345 Panama, IDIAP 19 LX 1-12 
17346 Panama, IDIAP 19 L x 1-12 
17347 Panama, IDIAP 19 LX 1-12 
17348 Panama, IDIAP 19 L x 1-12, [40 C-1] 
17349 Panama, IDIAP 19 LX 1-12, [V24-4] 
17350 Panama, IDIAP 19 LX 1-12, [41E-3-1] 
17351 Panama, IDIAP 1-12 X 19 L, [no. 13K-2 60E-3-1] 
17352 Panama, IDIAP 1-12 X 19 L, [no. 13 I 119] 
17353 Panama, IDIAP 1-12 X LPF, [no. 4B-4 79] 
zsource: Genetic Resources Unit, CATIE (Centro Agron6mico Tropical de Jnvestigaci6n y 
Ensenanza, Regional Center for Agricultural Research and Education), Turrialba, Costa Rica. 
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Table AS. (continued) 
PI Origin Pedigree and/or [name] 
17354 Panama, IDIAP 1-19 L x 1-12, [no. 10-1, Dina] 
17734 Taiwan, AVRDC CL 1131-0-0-43-8-1, (EEFB no . 12] 
17735 Taiwan, AVRDC CL 5915-93 04-1-0, [EEFB no. 16] 
17736 Taiwan, AVRDC CL 5915-229 04-1-1-0, [EEFB no. 17] 
17737 Taiwan, AVRDC CL 5915-229 04-1-1-0, [EEFB no. 18] 
17739 Taiwan, AVRDC CL 5915-153 04-3-4-0, (EEFB no . 20] 
17740 Taiwan, AVRDC CL 5915-222 04-0-4-0, (EEFB no. 21] 
17741 Taiwan, AVRDC CL 5915-223 03-2-2-0, [EEFB no. 22] 
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Figure A 1. lnfectitivy titration (kill) curve for the cultivar 
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Figure A2. lnfectitivy titration (kill) curve for the cultivar 
Rodade using strain UW-256 
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Figure A3.1nfectitivy titration (kill) curve for the cultivar 
UC-828 using strain UW-25 
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Figure A4. lnfectitivy titration (kill) curve for the cultivar 
UC-828 using strain UW-258 
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Figure AS. lnfectitivy titration (kill) curve for the cultivar 
UC-828 using strain UW-256 
(y = 0.41x + 2.20; r = 0.66). 
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Figure A6. lnfectitivy titration (kill) curve for the cultivar 
UC-828 using strain UW-275 
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Figure A7. lnfectitivy titration (kill) curve for the cultivar 
UC-828 using strain UW-255 
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Figure A8. lnfectitivy titration (kill) curve for the cultivar 
UC-828 using strain UW-130 
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Figure A9. lnfectitivy titration (kill) curve for the cultivar 
UC-828 using strain UW-8 
(y = 0.71x + 1.47; r = 0.76). 
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Figure A 10. Standard curve for strain UW-25 (K-60) 
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Figure A 11 . Standard curve for strain UW-258 
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Figure A 12. Standard curve for strain UW-256 
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Figure A 13. Standard curve for strain UW-275 
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Figure A 14. Standard curve for strain UW-255 
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Figure A 15. Standard curve for strain UW-130 
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Figure A 16. Standard curve for strain UW-8 
(y = 514407779.86x- 3202441 .54; r = 1.00) . 
